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ABBREVIATIONS AND UNITS 
J; joule: the unit of energy; 1 J « 1 Nm (= 0.239 cal) 
Gy: gray: the unit of absorbed dose - 1 J kg (= 10C rad) 
Sv: sievert: the unit of dose equivalent * 1 J kg (= 100 rem) 
Bq: becquerel: the unit of radioactivity = 1 s (= 27 pCi) 
cal: calorie = 4.136 J 
rad: 0.01 Gy 
rem: 0.01 Sv 
Ci: curie: 3.7x|010 Bq (= 2.22xl012 dpm) 
E: exa: 10 1 8 
P: peta: 1015 
T: tera: 10 
G: giga: 109 
M: mega: 106 
k: kilo: 103 
m: milli: 10 J 
M: mikro: 10~6 
n: nano: 10 
p: pico: 10~12 
f: femto: 10"15 
a: atto: 10"18 
pro capite: per individual 
TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent 
to 109 kg TNT. 
cpro: cojnts per minute 
dpm: disintegrations per minute 
OR: observed ratio 
CP: concentration factor 
PP: fission products 
uR: micro-roentgen, 10"6 roentgen 
S.0.:pCi 90Sr (g Ca)"1 
O.R.:observed ratio 
- 8 -
M.O.tpCi 137Cs (g K)~ 1 
V: vertebrae 
m: male 
f: female 
nSr: natural (stable) Sr 
eqv. mg KCl: equivalents mg KCl: activity as from 1 mg KCl 
(~ 0.96 dpm = 0.016 Bq; 1 g K = 30.65 Bq) 
S.D.: 
S.E.: 
standard deviation 
standard error 
V£(x-x 
V n(n-l) 
) 
U.C.L. 
L>C»L> 
S.S.D. 
f: 
S2: 
v2: 
P: 
n: 
ANOVA: 
A: 
B: 
B.D.L. 
upper control level 
lower control level 
sum of squares of deviation: t(x-x^)A 
degrees of freedom 
variance 
ratio between the variance in question and the 
residual variance 
probability fractile of the distribution in question 
coefficient of variation, relative standard deviation 
analysis of variance 
relative standard deviation 20-33% 
relative standard deviation >33%, such results are 
not considered significantly different fi.om zero 
activity 
below detection limit 
In the significance test the following symbols were used: 
* * probably significant (P > 95%) 
significant (P > 99%) 
highly significant (P > 99.9%) 
** 
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1. INTRODUCTION 
1.1. 
The present report is the thirtieth of a series of periodic re-
ports (cf. ref. 1) dealing with measurements of radioactivity 
in Denmark. The organization of the material in the present re-
port corresponds to that of last years report. After the intro-
duction and a chapter on organization and facilities there fol-
lows a chapter on environmental monitoring around nuclear fa-
cilities (Risø, Barsebåck and Ringhals). Chapter four deals 
with fallout nuclides in the abiotic environment, i.e. air, 
water and soil. Chapters five and six comprise fallout nuclides 
in the humap diet, various vegetation and human tissues. Chap-
ter seven is devoted to a general discussion of environmental 
tritium studies. External radiation is treated in chapter 
eight. The names of the authors of each chapter appear at its 
head. 
Although the programme was expanded substantially after the 
Chernobyl accident in Ukraine in April 1986, we have not found 
it necessary to change the organization of the material. We 
have, however, removed some of the very detailed tables for air, 
precipitation, grass and milk collected at Risø to the Appendix. 
1.2. 
The methods of radiochemical analysis2"4) and the statistical 
treatment of the results5'12) are still based on the principles 
established in previous reports1)* 
- 10 -
1.3. 
The detailed tables of the environmental monitoring programme 
for Risø National Laboratory appear in the two semiannual re-
ports: Radioactivity in the Risø district January-June 1986 
and July-December 1986, which are available from the Risø Li-
brary . 
1.4. 
The report contains no information on sample collection and 
analysis except in cases where these procedures have been 
altered. 
1.5. 
In 1986 the personnel of the Environmental Control Section of 
the Health Physics Department consisted of two chemists, one 
biologist, one physicist, ten laboratory technicians, three 
sample collectors, and two laboratory assistants. The group 
for Electronics Development and Maintenance gave assistance 
with the maintenance of counting equipment. 
1.6. 
The composition of the average Danish diet used in this report 
is identical with that proposed in 1962 by the late Professor 
E. Hoff-Jørgensen, Ph.D. 
- 11 
2. FACILITIES1'6'7'8) 
By S. P. Nielsen 
2.1. Detectors 
The samples are measured as follows: 
Alpha (239Pu, 2 4 1Am): 22 solid-state surface barrier detectors 
connected to multichannel analyzers (512 channels per detector) 
and another two for total alpha counting. 
Beta (90y mainly): Six "multidetector"-systems each containing 
5 sample counters and a common anticoincidence shield are used. 
Gamma (natural and fallout isotopes): A total of 9 germanium 
detectors in 10 cm lead shields are used for gamma spectrometric 
measurements. 5 detectors are connected to hard-wired multi-
channel analyzers and 4 to NCA-cards in a personal computer. 
The efficiencies of the detectors are in the range 12-40% re-
lative to a 3" x 3" Nal (T3 ) detector. A 8" x 4" Nal(Tl) in 
an underground shielded room is used for gamma-spectrometric 
whole-body measurements. 
2.2. Data treatment 
Measured spectra are transferred to a Burroughs B7800 computer 
for evaluation. 
A program system STATDATA16) is developed for registration and 
treatment of environmental measurements including multichannel 
analyzer spectra. To date, approximately 90 000 sets of results 
have been registered covering the period from 1957. 
- 12 -
HEALTH PHYSICS DEPARTMENT 
WASTE TREATMENT STATIQiL"7 
WASTE WATER AND GRASS STATIOI 
HOT CELL FACILITY^ 
10 MW REACTORS 
DR 3—=1 
1m2 RAIN 
OLLECTOR 
Pig. 3 . 1 . 1 . Sampling lc itions at Risø National Laboratory. 
2 1-5s locations for rain bottled (0.03 m each), ion-exchange 
5 
columns (0 06 m each) and grass samples. 
- 13 -
3. ENVIRONMENTAL MONITORING AT RISØ, BARSEBACK AND 
RINGHALS IN 1986 
by H. Dahlgaard 
3.1 Environmental monitoring at Risø 
Prom the two semiannual reports: Radioactivity in the Risø di-
strict January-June 1986 and July-December 1986 the results of 
the environmental monitoring at Risø are presented. The reports 
are available from the Risø Library. 
The various anthropogenic radionuclides measured outside the 
Risø area came from non-Risø sources, preferentially from the 
Chernobyl accident. 
3.2. Marine environmental monitoring at Barsebåck and Ringhals 
The radiological monitoring of the marine environment around 
the two nuclear power plants at Barsebåck and Ringhals in 
Sweden1) was continued in 1986. 
Figures 3.2.1.1 and 3.2.1.2 show the sampling locations. 
3.2.1. y-emitting radionuclides in brown algae 
Table 3.2.1.1 shows the radionuclide concentrations found by 
Y-spectrometric analysis in brown alqae sampled near Ringhals 
in 1986. Monthly data on radionuclides in seaweed from Barsebåck 
and Rinqhals are reported from the experimental programme in 
chapter 3.2.5. The data are expressed on the basis of dry 
weight. Dry matter contents are given. 
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Fig. 3.2.1.1. Sampling locations at BarsebSck. 49 and 50 
indicate fishing tracks. Arrows indicate ooling water Intake 
and outlet. 
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Fig. 3.2.1.2. Sampling locations at Ringhalc 14 and 16 
indicate fishing tracks. Arrows indicate cooling water intake 
and outlet. 
Table 3.2.1.1. Radionuclides in Pucus vesiculosus (Pu.ve.), Pucus serratua (Pu.se.) and Aacophyllust nodosum 
(As.no.) collected at Ringhals 10 June 1986 (Unit: Bq kg"1 dry matter) 
Station Mo.** 
% dry matter 
Species 
Distance from 
outlet in km 
7 
20.3 
Pu.ve. 
0.2 
7 
20.5 
As.no. 
0.2 
6 
13.9 
Pu.ve. 
1.9 
6 
16.« 
Fu.se. 
1.9 
5 
20.5 
Pu.ve. 
4.1 
5 
21.3 
Pu.se. 
4.1 
8 
16.1 
Pu.ve. 
4.8 
8 
16.3 
Pu.se. 
4.8 
10* 
12.4 
Pu.ve. 
0.8 
10* 
16.6 
Pu.se. 
0.9 
9* 
17.6 
. Pu.se 
1.1 
13* 
16.8 
Pu.ve. 
4.1 
13* 
14.8 
Pu.se. 
4.1 
13* 
22.0 
As.no. 
4.1 
5
«Mn 
" C o 
5
*Co 
«°Co 
« Z n 
'"RU 
106RU 
"O-Ag 
^ C S 
137Cs 
"«Ce 
34 
2. 
620 
390 
22 
290 
149 
34 
19. 
43. 
7 A 
7 
4 
300 
300 
33 
210 
78 
32 
13. 
29. 
A 
3 
1 
9.5 
138 
79 
13 B 
350 
156 
28 
13.8 
47 
10 
179 
112 
290 
118 
16. 
14. 
33 
A 
A 
5 
6 
7.8 
63 
48 
280 
133 
23 
21 
48 
74 
47 
167 
96 
20 A 
17.5 
56 
52 
73 
57 
310 
ISO A 
23 
20 
43 
6. 
75 
59 
270 
135 
13 
18. 
44 
21 
6 A 
A 
6 
B 
23 
410 
150 
640 
320 
40 
25 
55 
13. 
350 
138 
330 
157 
2S 
23 
51 
9 
A 
12 A 
210 
107 
189 
104 
24 
19.3 
45 
5.0 A 
28 
56 
290 
136 
19.9 
18.1 
51 
18 A 
25 
44 
S90 
330 
24 
21 
41 
38 A 
25 
78 
SI A 
17.6 
11.6 
2* 
I 
1 
* Locations south of the outlet; the other locations were situated north of the outlet. 
**Cf. Fig. 3.2.1.2. 
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Table 3 . 2 . 1 . 3 shows a comparison of the 3 fucoids Fucus v e s i c u -
l o s u s , Fucus serratus and Ascophyllum nodosum. The l e v e l s of 
s i g n i f i c a n c e of d i f f e r e n c e s from unity are i n d i c a t e d . 
Tabl . . . 2 . I .3 . , Ratios of act ivity concentrations 
on dry veiaht basis in Fucus vesiculosus (Fu.ve.) , 
Fucus serratus (Fu.se.) and Ascophyll,.« nodosum 
(As.no.) collected at Rinahals 1978-198« 
Isotope 
60Co 
5«Co 
54„n 
« Z n 
110mAg 
'^Cs 
'31X 
95Zr 
'24Sb 
57Co 
134Cs 
103Ru 
106Ru 
K«Ce 
Fu. 
0.81**« 
0.82*** 
0.98 
0.80**' 
1.52** 
1.04 
0.94 
0.89 
0.70 
1.03 
1.29 
1.25 
0.47 
,ve./Fu. 
'-»0.046 
•0.040 
.»0.068 
'•0.058 
»0.159 
»0.032 
•0.059 
.»0.249 
.•0.261 
se. 
(n=30) 
(n=29) 
(n-25) 
(n=25) 
(n-18) 
(n-29) 
(n-1) 
(n-1) 
(n-1) 
(n«5) 
(n«5) 
(n«5) 
(n-1) 
Fu. 
1.3* 
.ve./As. 
•0.13 
2.4***^0.27 
3.5***»0.33 
1.2 
1.2 
•0.17 
•0.18 
1.4***»0.05 
1.2 
1.3 
0.8 
1.5 
2.5 
2.3 
tO.OA 
.•1.17 
.•0.38 
no. 
(n-17) 
(n»15) 
(n=8) 
(n=16) 
<n-11) 
(n-15) 
(n-1) 
(n«1) 
(n-1) 
(n-2) 
(n-2) 
(n-2) 
The error term was 1 S.E. 
- 18 -
In Figures 3.2.1.3-3.2.1.11 we have compared the discharges of 
various radionuclides with the calculated transfer factors for 
the period 1983-1987. It is evident that the transfer factors 
are not constant (as we would have liked them to be). In case 
0f HOto^g {Fig. 3.2.1.7) the Chernobyl accident evidently in-
fluenced the transfer factors in 1986. 
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Fig. 3.2.1.3. Monthly discharge and transfer factors (TP) to Fucus 
from Ringhals for 
The TF is calculated as the ratio between activity concentration in 
Fucus (Bq kg"1 dry) and the monthly discharge (GBq month"1) average 
over 6 months previous to the Fucus sampling. 
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Pig. 3.2.1.9. Discharge and TP to Fucus from BarsebKck (cf. Pig. 3.2.1.3). 
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Fig. 3.2.1.10. Discharge and TF to Fucus from Barseback {cf. Fig. 3.2.1.3). 
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3.2.2. Y-emitting radionuclides in benthic invertebrates 
and fish 
Table 3.2.2.1 shows results of the y-countings on benthic animals 
and fish from Ringhals and Barseback in 1986. The dose commitment 
to a hypothetical critical individual consuming 20 kg Mytilus 
edulis soft parts (fresh weight) yearly would be approximately 
1.9 ySv y-1 based on mussels from Table 3.2.2.1. This is < 0.1% 
of the background radiation dose (« 2 mSv yr~1). 
Table 3 . 2 . 2 . 1 . Gamna-eaitting radionuclide« i n benthic animal« and f ish col lected a t Ringhals and 
Barsebick in 1966. (Unit : Bq k g - 1 fresh) 
Specie* 
Date 
Location 
Station Mo.* 
• dry datter 
Depth in • 
Pish meat 
30/5 
Barseback 
25 
-
0.3 
Plaice meat 
31/5 
Barseback 
30 
-
1.20 
Dab neat 
10/6 
Ringhals 
14 
-
17 
Edible crab 
totalA 
10/6 
Ringhals 
1« 
32.5 
17 
Mytilus edulis 
•eat 
26/2 
Ringhals 
95 
19.0 
-
Hytilus edulis 
swat 
31/1 
Ringhals 
98 
21.2 
-
*°Co - 1.77 4.9 4.5 
6 5
* n - - - - - 4 .1 A 
IIOBjia . - - . j . «
 A 
" * C » - 0.3 -
, , 7 C » 2.« 3.1 2.9 3.5 2.« A 2.5 
•Cf. Pigs. 3 . 2 . 1 . 1 and 3 . 2 . 1 . 2 . 
A Unl t i Bq kg"1 dry . 
3.2.4. y-emitting radionuclides in sea sediments 
Results fron. sediment samples collected at Barsebåck and Ring-
hals with the HAPS bottom corer are shown in Tables 3.2.4.1 and 
3.2.4.2. At both sites 60Co from the power plants is seen to 
have accumulated in the sediments. 
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Table 3.2.4.1. Gamma-emittinq radionuclides in sediment samples collected 
at BarsebSck, 
Date 
30/5 
19/11 
Layer 
in cm 
0-3 
3-15 
0-15 
0-3 
3-6 
6-15 
0-15 
55°45'l 
Bq 
N 12°52'E, 
60Co 
I«,"1 
13.4 
4.8 
11.0 
dry 
location 
60Co 
Bq m"2 
66 
210 
I 280 
59 
Z 59 
38, in 
Bq 
1986. (Area 
13V 
kg-1 dry 
64 
35 
79 
48 
10.8 
s 0.0145 ra; 
13?CS 
Bq m-2 
310 
1490 
11800 
420 
400 
350 
I 1170 
Table 3.2.4.2. Gamma-emittinq radionuclides in sediment samples collected at 
Rinqhals, 57»15'N 12°04'I5. location 2, in 1986. (Area: 0.0145 m2) 
Layer 60Co 60Co 134Cs 134Cs 137Cs 137Cs 
Date in cm 
Bq kg"1 dry Bq m"2 Bq kg"' dry Bq m"2 Bq kg"1 dry Bq m"2 
11/6 0-3 14.0 194 2.1 A 29 A 
3-6 
6-15 
14.3 
1.25 
330 
137 
25 
27 
7.8 
350 
620 
850 
0-15 I 660 I 29 I 1820 
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3.2.5. Field experiments at Ringhals, Barseback and Forsmark 
For 1986 the time-integrated water samplings were only car-
ried out at Forsmark. At Barseback and Ringhals the monthly 
sampling programme had (as in 1985) 3 parts: 1) Local Fucus 
vesiculosus plants and at Ringhals also Fucus serratus; 2) un-
contaminated Fucus vesiculosus transplanted to the contaminated 
areas one month prior to sampling and 3) contaminated plants 
transplanted to an uncontaminated area, where they should be 
sampled monthly for 6 months. The loss-measurements were ini-
tiated every 3 months. The overall idea of this programme was 
to gather data to support a model on especially seasonal varia-
tion in bioindicator response. 
Ringhals results 
Tables 3.2.5.1-3.2.5.7 give the Ringhals data. In Figure 3.2.5.1 
the relations between monthly values for discharge, local Fucus 
vesiculosus from the cooling water channel and plants trans-
planted to the same site from a low level location: Varberg, 
one month prior to sampling has been shown. The "background" 
at Varberg can be seen in Table 5.11.3. 
The transfer factors obtained during one month of accumulation 
(Table 3.2.5.6) was expected to show a distinct seasonal varia-
tion with a summer maximum, as in 1985 this was not observed -
maybe because of other variables. One cause of variation might 
be differences in current patterns leading a variable amount 
of activity to the site. Compared to 1985 the mean transfer 
factors in 1986 were nearly the same except that for 110mAg, 
which due to Chernobyl was much higher in 1986. 
As seen previously1) the level in the cooling water intake 
channel (Table 3.2.5.4) is higher than just outside the channel 
(Table 3.2.5.3), except for the Chernobyl fallout nuclides 
(95Zr, 103RUf 106Ru, i10mAg, 134C8f 137Cs, 140Baf 140La, 141Ce 
and 144Ce) for which it was opposite. 
Table 5.3.2.7 and Figure 5.3.2.1 show activity in Fucus after 
translocation from Ringhals to the low-active area, Varberg. 
Table 3 . 2 . 5 . 1 . Reported monthly l iquid discharges fro* Ringhals in 1986, reference 36. 
(Unit: Bq »»nth'1 ) 
Isotope Jan Feb March April Hay June July Aug Sept Oct Nov D*C 
s 1 C r S . 2 x i o 8 4 . 0 » 1 0 8 1 . 2 x 1 0 * 1 . 3 x 1 0 * 2 . 1 x 1 0 * 3 . 4 x 1 0 * 9 . 2 x 1 0 * 9 . 9 1 0 * 7 . 8 x 1 0 * 4 . 2 x 1 0 * 1 . 5 x 1 0 * 2 . 5 x l 0 7 
5 4 H n 2 . 2 » 1 0 8 5 . 4 x 1 0 * 2 . 7 x . O * 1 . 1 x 1 0 * 9 . 0 x 1 0 7 1 . 2 x 1 0 * L O x l O 5 , 5 . 1 * 1 0 * 5 . 8 x 1 0 * 5 . 6 x 1 0 * 2 . 4 x 1 0 * 2 . 3 x 1 0 * 
5 7 C o 7 . 6 x 1 0 * 3 . 8 x l 0 7 1 . 8 x l 0 7 5 . 1 x 1 0 * 8 . 9 x 1 0 * 7 . 8 x i 0 7 4 . 7 x 1 0 7 - . 3 x i 0 7 2 . 2 . 1 0 7 3 . 9 * 1 0 7 8 . 8 x 1 0 * 1 . 2 » I 0 7 
5 8 C o 3 . 4 x i o * l . S x i o 1 0 4 . 2 . 1 0 * 9 . 5 x 1 0 * 2 . 8 x 1 0 * 2 . 5 x 1 0 1 0 1 . 6 x l o ' ° 6 . 7 * 1 0 * 5 . 0 x 1 0 9 9 . 0 x 1 0 * 1 . 2 x 1 0 * 1 . 2 x 1 0 * 
5
*F"e 2 . 0 x 1 0 7 9 . 8 x 1 0 s 1 . 4 x l 0 7 2 . 7 x 1 0 * 1 . 3 » 1 0 7 2 . 4 x 1 0 * 3 . 3 x 1 0 * 5 . 6 * 1 0 7 6 . 9 x 1 0 7 4 . 7 X 1 0 7 4 . 4 x 1 0 * 1 . 3 x 1 0 * 
* ° C o 4 . 0 x 1 0 * 6 . 7 x 1 0 * 4 . 4 x 1 0 * 2 . 0 x 1 i » 2 . 9 x 1 0 * 1 . 8 x 1 0 1 0 5 . 6 x 1 0 * 1 . 3 x l 0 1 0 9 . 5 x 1 0 * I . O x l O 1 0 4 . 2 x 1 0 * 4 . 9 x 1 0 * 
*
5 I n 1 . 2 x 1 0 * 4 . 5 x 1 0 * 3 . 4 x 1 0 * 7 . 7 x 1 0 7 6 . 7 x 1 0 ' 2 . 3 x 1 0 * 6 . 5 x 1 0 7 1 . 9 x 1 f 9 7 . 8 x 1 0 * 3 . 0 x 1 0 * 1 . 2 x 1 0 * 1 . 9 x 1 0 * 
1 1 0
» A q l . O x l O 7 1 . 3 x l C 7 2 . 2 x 1 0 7 l . l x l O 7 3 . 2 x 1 0 * 6 . 7 < 1 0 7 1 . 5 x 1 0 7 1 . 2 x 1 0 * 1 . 6 x 1 0 * 5 . 6 x 1 0 7 1 . 1 x 1 0 * 1 . 8 x 1 0 7 
1 3 1 I 0 0 0 4 . 8 x 1 0 * 0 2 . 3 x 1 0 * 2 . 1 x 1 0 * 0 8 . 0 x 1 0 7 l . B x I O 7 2 . 6 x 1 0 7 8 . 2 x 1 0 * 
1 3
* C s 2 . 5 x 1 0 * 2 . 8 x 1 0 * 2 . 4 x . 0 b 2 . 0 x 1 0 * 1 . 3 x 1 0 * 4 . 0 x 1 0 * 1 . 4 x 1 0 * 1 . 8 x 1 0 * 2 . 7 x 1 0 * 2 . 1 x 1 0 * 1 . 0 x 1 0 * 4 . 8 x 1 0 * 
1 3 7 C s 2 . 4 x 1 0 * 7 . 5 x 1 0 * 7 . 2 x 1 0 * 3 . 6 x 1 0 * 2 . 8 x 1 0 * 4 . « x 1 0 * 2 . 4 x 1 0 * 6 . 3 x 1 0 * 7 . 3 x 1 0 * 6 . 5 » 1 0 * 1 . 4 x 1 0 * 8 . 0 x 1 0 * 
Table 3 . 2 . 5 . 2 . Reported annual l iquid discharge* tiam Rinqhal-? 1975-1986 reference 36. 
(Unit: Bq year"1) 
I s o t o p e 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
5 1 C r 2 . 3 » 1 0 » 1 . 3 « 1 0 n 3 . 9 » 1 0 1 0 7 . 5 « 1 0 * 6 . 0 x 1 0 * 1 . 6 x 1 0 1 0 5 . 5 « 1 0 * 1 . 4 x 1 0 1 0 8 . 1 * 1 0 * 1 . 9 « 1 0 1 0 I . O x l O 1 0 
M
" n 3 . 4 x 1 0 * 3 . 3 « 1 0 1 0 1 . 1 « 1 0 1 0 5 . 2 > 1 0 » 5 . 4 » 1 0 * 4 . 0 » 1 0 » 2 . 2 » 1 0 * 7 . 8 - 1 0 * 8 . 1 » 1 0 » S . 1 » 1 0 * 5 . 5 » 1 0 » 
S 7 C o 1 . 6 » 1 0 * 1 . U 1 0 * 2 . 2 « 1 0 7 4 . 9 « 1 0 7 1 . 1 « 1 0 * 2 . 6 . 1 0 * 3 . 1 . 1 0 * 
S 8 C o 0 1 . 5 « 1 0 1 0 3 . 1 . 1 0 " S . l ' l O 1 0 2 . 7 « l o ' ° 1 . 8 » 1 0 1 0 2 . 6 « 1 0 , c 1 . 8 » 1 0 ' ° 5 . 9 « 1 0 ' ° I . 2 » 1 0 n fi.7«1010 9 . 1 . 1 0 1 0 
5
* F e 0 1 . 1 « 1 0 - 1 .1« t 0 1 0 1 . 3 « 1 0 * 9 . 9 « 1 0 * 1 . 1 . 1 0 * 1 . 1 » 1 0 * 6 . 5 « 1 0 * 6 . 6 x 1 0 * 2 . 7 x 1 0 * 8 . 0 x 1 0 * 
* °Co 4 . 4 x 1 0 * 2 . 2 » 1 0 1 0 l . l x i o 1 1 9 . 8 » 1 0 ' ° 5 . 2 » 1 0 1 0 9 . 3 « 1 0 1 0 6 . 5 - 1 0 ' ° 3 . 3 « 1 0 1 0 7 . 8 « 1 0 1 0 1 . 2 « 1 0 n 5 . 7 » 1 0 " > 8 . 6 « 1 0 ' ° 
*
5
*»> 8 . 1 . 1 0 * 3 . 8 - 1 " 1 0 4 . 0 « 1 0 ' ° 8 . 5 « . o ' ° 4 . 2 - 1 0 1 0 8 . e « 1 0 1 0 2 « 1 0 1 0 2 . 0 . 1 0 1 0 9 . 7 . 1 0 * 3 . 6 » 1 0 * 4 . 6 . 1 0 * 
1 1 0
" * 9 3 . 0 x 1 0 * 9 . 3 « 1 0 * 4 . 6 * 1 0 * 1 . 1 * 1 0 * 1 . 1 « 1 0 * 9 . 8 « 1 0 * 6 . 0 « 1 0 * 5 . 2 « 1 0 * 5 . 1 . 1 0 * 3 . 1 . 1 0 * 6 . 0 > 1 0 * 
1 3 1 I 2 . 4 x 1 0 * 0 3 . 6 » 1 0 7 0 2 . 4 " 1 0 » 1 . 8 « 1 0 * 3 . 0 « 1 0 » 3 . 4 « 1 0 * 4 . 8 « 1 0 * 951 6 . 1 . 1 0 * 
1 3 4 C S 6 . 2 . 1 0 * 1 . 2 « 1 0 ' ° 4 . 9 » 1 0 ' 0 1 . 5 « 1 0 1 0 1 . 5 . 1 0 ' 0 2 .5«10 '<> 8 . 8 . 1 0 * 2 . 8 . 1 0 * 1 . 8 . 1 0 * 7 .9«1tJ» 
, 3 7 C s 8 . 4 . 1 0 * 2 . 6 > 1 0 ' ° 6 . 6 « 1 0 ' 0 2 . 1 » 1 0 ' ° 2 . 0 « 1 0 ' ° 3 . 3 « 1 0 ' ° 1 . 5 » 1 0 ' ° 6 . 2 » 1 0 * 3 . 8 . 1 0 * 1 . 5 « 1 0 ' ° 
Table 3.2.5.3. Gamu-eMitting radionuclides in Fucus vesiculosus (Pu.ve.) and Pucus serratus (Pu.se.) 
outside the northern cooling-water intake at Ringhals (location 98, 2.3 kn north of the outlet) in 1986. 
(Unit: Bq kg'1 dry weight) 
Date 2/1 3V1 1/4 1/5 2/6 1/7 2/8 1/9 1/10 1/11 1/12 2/1-87 Mean S.E. 
1 dry matter Fu.ve. 
Fu.se. 
5
*Nn Fu.ve. 
Fu.se. 
Fu.ve. /Fu.se. 
18.2 
5 .4 
23.3 
21.5 
4 . 7 
3 .8 
1.24 
21.6 20.1 
23.3 16.0 
1.2 A 2.8 
4 . 2 
0.68 
13.1 
19.6 
6 .6 
7 . 1 
0.91 
13.3 
21.3 
8 .1 
9 . 1 
0.89 
12.2 
19.6 
4 . 6 
7 . 8 
0.59 
17.4 
22.3 
7 .5 
21.2 19.4 22.1 18.8 
4.1 6.9 4.8 4.7 
0.86 0.113 5 
5-/ 'Co Fu.se. 0.73A 0.7 B 
58Co Fu.ve. 14.7 11.8 6.S 5.1 71 92 47 67 
Fu.se. 12.5 7.8 18.4 122 88 94 40 
Fu.ve./Fu.se. 0.95 0.83 0.28 0.58 1.05 0.50 1.69 
36 70 45 34 
0.84 0.174 7 
60Co Fu.ve. 54 
Fu.se. 
Fu.ve./Fu.se. 
56 45 46 79 69 32 78 
51 49 72 91 79 71 59 55 
1.08 0.91 0.64 0.87 0.88 0.46 1.32 
108 98 92 
0.88 0.106 7 
*
5Xn Fu.ve. 16.5 11.8 
Fu.se. 10.4 
Fu.ve./Fu.se. 1.14 
8.8 8. 
11. 
0. 
11 . 
41 
0. 
.4 
.5 
.73 
,1 
,27 
4.7 A 10.8 16.0 12.9 11.9 
0.93 0.206 
95 Zr Fu.ve. 
Fu.se. 
Fu.ve./Fu.se. 0.27 
103 Ru Fu.ve. 
Fu.se. 
Fu.ve./Fu.se. 
7.2 550 160 87 
10.3 174 97 A 65 
0.70 3.2 1.66 1.34 
9 B 7.5 A 
1.71 0.521 4 
Tsbl« 3.2.S.3. (continued) 
Dat« 2/1 31/1 1/4 1/5 2/6 1/7 2/8 1/9 1/10 1/11 1/12 2/1-87 N»an 8.8. 
* dry Mtter Pu.v«. IS.2 23.3 21.6 20.1 13.1 13.3 12.2 17.4 
Pu.S«. 21.5 23.3 16.0 19.6 21.3 19.6 22.3 21.2 19.4 22.1 '.8.8 
1 0
'Ru P U . V « . 250 120 105 76 
ru .«« . 79 70 A 33 41 35 33 
Pu.v« . /Pu .«« . 3.2 1.82 2.51 0.686 2 
U 0
*Ag Pu.v«. 2.3 B 3.7 ft 2.9 IB.6 21 22 23 
Fu.se. 2.6 ft 14.8 16.0 17.2 18.« 16.5 16.2 13.1 11.1 
Pu.v«. /Pu.S«. 1.2« 1.33 1.27 1.22 1.27 0.«2J 4 
131, r u . « « . 169 
1 M C « Pu.v«. 29 17.1 9 .9 4 .5 
Pu.»«. 19.8 17.9 10.8 3.8 6.5 5.4 5.2 
 
.8 
1.49 
.1 
.9 
0.96 
.  
.8 
0.92 Pu.v« . /Pu .s« . 9 6 2 1.12 0.184 3 *£ 
^ 00 
, J 7 C s Pu.v«. 7.5 8.0 2 .1 * . ! 69 35 32 21 • 
Pu.S«. 7.2 3.5 7.9 44 45 29 19.2 13.3 18.1 22 15.3 
Pu.v«. /Pu.S«. 1.11 0.59 0.78 1.57 0.77 1.11 1.11 1.00 0.122 7 
' 4 0 B * P U . S « . 32 ft 
' 4 0 L « P U . V « . 15.6 
Pu.S«. 33 
Pu.v« . /Pu.s« . 0.47 0.47 1 
U , C « Pu.v«. 10.8 
Pu.S«. 44 
Pu.v«. /Pu.S«. 0.24 0.24 1 
U
* C « Pu.v«. 8 .1 11.8 A 7.5 * 
Pu.S«. 34 
Pu.v«. /Pu.s«. 0.24 0.24 
Table 3.2.5.4. Gamma-emitting radionuclides in Pucus vesiculosus collected from the northern 
cooling-water intake channel at Ringhals in 1986 (location 95 (local)« 2.5 km north of the outlet), 
(Unit: Bq kg"1 dry weight) 
Date 
% dry matter 
2/1 
13.1 
31/1 
14.2 
28/2 
21.9 
1/4 
24.6 
1/5 
14.6 
2/6 
18.7 
1/7 
18.5 
2/8 
20.1 
1/9 
20.5 
1/12 
16.2 
2/1-87 
13.8 
30.6 
38 
18.9 21.3 
78 78 
9.4 A 
13.6 
59 
26.5 136 
82 164 
8.3A 
112 
36 1940 
790 
164 
158 
5 
490 
320 
106 
98 
B 
167 
210 
94 
101 
54 A 
67 
170 
22 A 
183 
36 
114 
6.S A 
8.5 A 
94 
54Mn 13.8 8.3 6.5 9.6 17.1 13.4 12.8 12.2 6.5 
57Co 1.5 A 
58 C o 
60Co 
9S8t 
03RU 
06Ru 
10
*Ag 33 28 23 15.6 17.7 
25Sb 18 A 6 A 
34Cs 2.0A 75 29 18.0 18.0A 18.6 12.8 
37Cs 22.5 17.0 11.4 12.1 18.8 152 69 45 44 56 39 
40Ba 103 A 
40La 98 
41Ce 88 
44Ce 66 40 
Table 3.2.S.5« Gamma-emitting radionuclides in Pucus vesiculcs s transplanted from Stora NSss, Varberg 
(ST0©?^ 12°11'E) to the northern cooling-water intake channel at Ringhals one month before sampling. 
(Unit: Bq kg"1 dry weight) 
Period of 
accumulation 
% dry matter 
5«Mn 
57Co 
58Co 
60Co 
"zr 
103RU 
106Ru 
110mAg 
13«Cs 
I^Cs v 
*««Ce 
31/1-
28/2 
-
6.9 
3.9 A 
1/4-
1/5 
23.5 
7,5 
6.6 
1/5-
2/6 
17.2 
10.7 
121 
105 
144 
1400 
600 
30 
61 
128 
2/6-
1/7 
22.0 
8.3 
109 
72 
270 
181 
21 
24 
60 
22 
1/7-
2/8 
18.5 
4.2 
43 
25 
66 
79 
14.8 
13.0 
31 
8 B 
2/8-
1/9 
15.7 
21 
158 
320 
125 
240 
25 
21 
56 
1/9-
1/10 
23.7 
10.5 
71 A 
8.9 
6.7 
A 
A 
1/10-
1/11 
18.4 
12.2 
2 B 
90 
119 
27 
104 
14.8 
18.4 
56 
1/11-
1/12 
17.4 
3.7 A 
7.2 A 
34 
41 A 
11.6 
10.1 
34 
1/12-
2/1-87* 
18.6 
2.5 B 
11.1 
29 
10.9 
10.2 
32 
•Fucus serratus 
Table 3.2.5.6. Fucus vesiculosus. Transfer factors obtained during one month of accumulation after 
transplantation to Ringhals. (Unit: Rq kg-' dry Fucus/GRq discharged) (cf. Tables 3.2.5.1 and 3.2.5.5) 
Feb April Nay June July Aug Sept Oct Nov Dec x S.E. 
5«Hn 
58Co 
60Co 1.03 3.75 
11 °*Ag 
119 
43.21 
36.21 
400 
6.92 
4.36 
4.00 
313 
4.20 
2.69 
4.46 
987 
41.18 
23.58 
24.62 
208 
21.8 
10.0 
1.11 11.9 
56 264 
15.42 
6.0 
8.10 
105 
35 
2.08 13.1 
2.27 9.7 
606 1490 
17.7 
5.7 
3.7 
1130 
6 
7 
10 
8 
Table 3.2.5.7. Gamma-emitting radionuclides in Fucus vesiculosus transplanted from outside the 
cooling-water intake channel (Table 3.2.5.3) to Stora NSss, Varberg (57°07'N 12°11'E) in 1986. 
(Unit: Bq kg-1 dry weight) 
Transplanting 
Sampling date 
t dry matter 
5
«Nn 
5«co 
60Co 
«
5Zn 
»**r 
l°3Ru 
'06RU 
110mA9 
13«Cs 
'3'Cs 
1««Ce 
date 
2/1 
18.2 
5.4 
14.7 
54 
16.5 
2 B 
7.5 
3V1 
20.4 
5 B 
12 B 
51 
7 A 
10.4 
1/4 
22.4 
11 B 
70 
19.8 A 
10.2 A 
V 5 
22.2 
19.7 
270 
7.5 
2/6 
25.0 
4 
6.0 
480 
210 
12 
40 
84 
22 
B 
A 
A 
B 
1 
1/4 
21.6 
1.2 
6.5 
45 
8.8 
2.9 
2.1 
April — 
A 
1/5 
18.2 
22 
630 
300 A 
61 B 
14.4 
23 
360 
1/7 
13.3 
8.1 
92 
69 
160 
128 
21 
17.1 
35 
--- 1 Ji 
2/8 
21.3 
5.3 
32 
32 
82 
68 
10.6 
15.3 
41 
1/9 
19.3 
6.9 
33 
42 
37 
34 
17.8 
14.4 
38 
A 
B 
B 
1/10 
28.6 
6.2 
40 A 
5 B 
7.1 
25 
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A S O N D 
Figure 3.2.5.1. Concentration of 60Co in Fucus vesiculosus translocated 
from Ringhals to Varberg (low activity). Data from Table 3.2.5.7. 
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The material is far less complete than planned* but for the 
winter (Jan 2) as well as for the summer (July 1) translocation 
we observed steep decreases in activity 3 months after the 
translocation to Varberg. 
Barsebåck results 
Tables 3.2.5.8-3.2.5.13 and Figures 3.2.5.3 and 3.2.5.4 give the 
Barseback data. Also here lost data perturbed the project. For 
this site Limhamn was used as low-level site for Fucus trans-
plants (cf. Fig. 3.2.5.2). The background at Limhamn is seen 
in Table 5.11.3. 
Neither at Barseback could any seasonal variation be quantified 
from the one-month accumulation experiments (Tables 3.2.5.11 and 
3.2.5.12). But in case of 6nCo the variation in transfer factors 
from month to month was nearly the same in 1986 as in 1985 and 
so was the annual mean. 
I 
Table 3 . 2 . S . 8 . Reported monthly l i q u i d d i scharges from Barseback in 1986, re f erence 36. 
(Uni t : Bq month"1) 
I so tope Jan Feb March April Nay June July Aug Sept Oct Nov Dec 
5 t C r 1 .7 X 10 9 9 . 9 x 1 0 8 2 . 7 x l 0 9 2 . 9 * 1 0 9 5 . 6 * » 0 9 1 . 7 *10 9 l . l x i o 9 3 .6x10 8 3 .0»10 8 4 . 5 * 1 0 7 2 . 6 * 1 0 8 6 . 5 * 1 0 8 
5 4Nn 7 .0x io8 8 .8X10 8 1 .3«10 9 9 . 2 x 1 0 8 3 . 4 x l 0 9 3 .1x10 9 2 . 3 * 1 0 9 7 . 2 X 1 0 8 I . O X I O 9 1 . 9 *10 8 2 . 6 * 1 0 8 3 . 2 x 1 0 8 
5 8Co 4 . 0 * 1 0 8 1.4X108 7 . 4x10 8 3 . 7 x l 0 8 2 .9x10 9 1 .9x10 9 I .Ox IO 9 5 .4x10 8 6 ,9x10 8 1 .2 *10 8 1 . 1 * 1 0 8 1 .3x10 8 
5 9 F e 0 0 0 0 4 . 8 x 1 0 8 4 . 3 x l 0 8 9 . 3 x 1 0 7 5 .5x10 7 0 0 0 0 |£ 
Q 
6 0Co 3 . 0 X 1 0 9 2 .5X10 9 1 .3X10 1 0 1 . 1 * 1 0 1 0 1 . 3 * 1 0 1 0 1 .6x10 1 0 1 .3x10 1 0 5.0x10 1 .2x10 1 0 J . l x l C * 2.7>i109 2 . 4x10 9 I 
6 5 2 n 3 . 3 x 1 0 7 2 .5X10 7 2 . 6x10 8 1 .4x10 8 2 . 2 * 1 0 8 7 .4x10 8 3 . 7 x f 0 8 7 .2x10 7 2 .0x10 8 6 . 0 * 1 0 7 3 . 4 M 0 7 5 . 1 * 1 0 7 
110mAg I . 3 X I O 7 0 0 0 0 0 0 0 0 0 0 0 
1 3 1 I 0 0 8 .5X10 7 0 0 0 0 0 0 3 .1x10 7 0 0 
1 3 4 Cs 0 4 .7X10 7 2 . 3x10 8 1 .7x io 8 2 .0x10 8 1 .9«108 1 .1x io 8 0 2 . 6 x l 0 8 2.6>O07 0 1 .6x10 7 
^ C s 1 . * * 1 0 8 2 .2X10 8 1.1X109 9 . 0 * 1 0 8 7 . 5 * 1 0 8 4 . 2 * 1 0 8 3 . 9 x l 0 8 2 . 4 * 1 0 8 7 . 5 * 1 0 8 7.9x10~ 5 . 0 « 1 0 7 5 . 9 - 1 0 7 
Table 3.2.S.9. Reported annual liquid discharges from Barseback 1975-1986 reference 36. 
(Unit: Bq year-') 
Isotope 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
51Cr 1.2x10'° 1.7x10'° 1.3xl010 3.2x10'° 1.7x10'° 4.2x10* 2.7xlo'° 6.7x10* 7.2x10* 4.7x10* 6.6x10* I.BxIO10 
5<Hn 5.6x107 2.0x10* 2.1x10* 3.9x10* 2.0x10* 1.7x10* 2.0x10* 3.3x10* 2.7x10* 3.7x10* 3.7x10* 1.5x1010 
58Co 6.6x10* 2.6x1010 1.3x10'° 3.4x1010 7.8x10* 7.2x10* 6.3x10* 4.0x10* 1.8x10* 4.9x10* 2.6x10* 9.0x10* 
59Fe 2.4x108 9.3x107 1.5x108 1.2x108 1.3x108 5.5x108 7.8x107 1.1x10* 
60Co 2.6xl08 1.4xl010 2.8x10'° 5.4x1010 2.2x10'° 3.7xlo'° 4.3x10'° 7.3x10'° 4.9x10'° S.OxlO10 4.2x1010 9.6«1010 
652n 3.7X10 7 3.1x10* 7.0x10* l.OxlO10 5.5x10* 5.8x10* 5.5x10* 7.7x10* 2.6x10* 1.2x10* 7.5x108 2.2x10* 
"°*Ag 0 2.2x10* 1.8x10* 3.6x10* 8.6»108 2.9x108 2.4x108 1.3x108 3.8x107 5.7x107 0 1.3x107 
'
31I 7.5x108 2.2*108 3.7x107 1.2«108 
134Cs 0 0 4.6*10* 1.9x10'° 6.5x10* 4.0x10* 4.7x108 1.2x10* 
137Cs 0 o 6.5x108 1.9xl07 0 0 6.1x10* 2.6x1010 1.2«1010 9.2x10* 1.9x10* 5.1x10* 
Table 3.2.5.10. Gamma-emitting radionuclides in Fucus vesiculosus collected at BarsebMck, location 25 
(55°48*80N 12054'45E) in 1986. (Unit: Bq kg"1 dry weight) 
Sampling 
date 
% dry 
matter 
3/1 
21.7 
31/1 
17.6 
1/4 
19.6 
1/5 
20.6 
30/5 
14.1 
2/6 
10.5 
1/7 
16.9 
1/8 
17.9 
1/9 
16.3 
1/10 
16.9 
1/11 
17.1 
1/12 
17.6 
2/1-87 
17.8 
*«Hn 
58Co 
60 C o 
65 Z n 
»*Zr 
'
n 3 R u 
106Ru 
' " s * 
134Cs 
137Cs 
MO,* 
^ L a 
1«1Ce 
l««Ce 
29 
21 
1190 
79 
8.0 
23 
14.3 
1010 
57 
6.5 
18. 
12. 
980 
50 
6. 
9 
,3 
,0 
15.4 
11.8 
710 
39 
390 
320 
69 
9.6 
21.4 
430 
420 
350 
240 
69 
52 A 
680 
410 
166 A 
41 
87 
92 
56 
640 
32 
200 
660 
260 
8 B 
45 
99 
166 
115 
61 
930 
30 
118 
91 
8 B 
22 
54 
106 
34 
780 
28 
12.2 
29 
171 
42 A 
860 
28 A 
11.4 
32 
220 
78 
1980 
86 
7.5 
23 
200 
77 
1510 
81 
6.8 
19.9 
138 
36 
1440 
63 
6.3 
18.6 
116 
23 
1160 
17.2 
1 
1 
Table 3.2.5.11. Gamma-emitting radionuclides in Fucus vesiculosus transplanted from Limhamn (55°35'N 12°55'E) 
to Barseback, location 25. one month before sampling. (Unit: Bq kg"1 dry weight) 
Period of 
accumulation 3/1-31/1 1/4-1/5 1/5-2/6 2/6-1/7 1/7-1/8 1/10-1/11 1/11-1/12 1/12-2/1-87 
t dry matter 20.0 17.7 19.5 17.9 18.4 22.3 18.4 16.3 
5
«Hn 6.6 A 15.0 118 87 77 23 21 
5
«Co 77 A 38 A 24 B 8 B 
8 
590 510 
19 B 
350 
14 B 
60 C o 42 164    250 200 74 
9Hr 340 
">3Ru 148 A 230 
'06Bu 107 92 A • 
'34CS 32 31 16.9 J^ 
137Cs 6.o B 18.6 66 73 39 14 A 20 17 A ' 
Table 3.2.5.12. Fucus vesiculosus. Transfer-factors obtained during one month of accumulation after 
transplantation to Barseback. (Unit: Bq kg-1 dry Fucus/GBq discharged) (cf. Tables 3.2.5.8 and 3.2.5.11) 
Isotope Jan April May June July Oct Nov Dec x S.E. n 
54Kn 9.4 17.0 35 28 33 121 81 
58Co 27 20 24 73 
60Co 14.0 14.9 45 32 27 119 74 31 
65Zn 26 38 
46 
36 
45 
32 
15 
12 
13 
6 
7 
4 
8 
2 
Tabla 3.2.S.13. Gaaau-Mittinq radionuclide« in Pucua w.siculoaus transplanted i i i i Barseback 
(Table 1 .2 .S .10) t i Liehann (SS^SS'N 1}°SV«> in 1*««. (Unit: Aq k<TX dry weiuht! 
Trananlant ina 
. i a te 1 November I M S 31 January 1 Hay - - - 1 August 1 November — 
S a B p l i m date 1 /11-85 3 /12 -85 3/1 31/1 1/« 1/5 31/1 1/4 1/5 2 /« 1/7 l /S 2 /« 1/8 1/» 1/10 1/11 1/11 1/12 2 / 1 - 8 7 
% dry » a t t e r 21 .« 21 .5 24 .0 19.5 17.4 17.3 17.« 19.2 21 .4 18 .5 1«.« 20 .« 20 .0 17.« 15.5 21 .« 23.« 17.« 18.3 20 .2 
* * * > 27 25 4 . 0 A 15.S 15.7 A 5 . 1 A 23 25 1 1 . • 8 . 7 I S . 4 17 B 10« 29 47 I S . « 200 «« 44 
58 14.3 
1010 
57 
«.S 
1180 
SS 
8 B 
.•
510 
27 
10.7 
18.1 
4*0 
3*0 A 
It« 
«« 
144 
30 B 
 
270 
13 
210 
111 
33 
80 
19 
.7 
B 
B 
 
11.8 
710 
1« 
390 
320 
«9 
9.« 
21.4 
430 
420 
3S0 
240 
580 
420 8 
137 R 
41 
127 
34 
780 
28 
12.2 
29 
77 
isto 
«« 
18 * 
720 
»7 A 
Co 2« 
*°Co 490 570 114 340 320 1«4 200 «00 188 1S10 440 
**Xn 33 28 A S B 23 B 
"«r 
101Ru 
, MCS  « «.* 
, 1 T C s 11.5 7 B 2.2 A 8 .5 A 9 . 5 5 9 .    .    20 20 11.9 19.9 11.1 21 
i«0iia 
' « » t a 
U 1 C , 
'««Ce 
U> 
00 
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60Co-loss Limhamn 
i 1 i i i i i » » i i i ' I i i 
N D J F M A M J J A S O N D J F M 
1985 1986 1987 
Figure 3.2.5.2. Concentration of 60Co in Fucus vesiculosus trans-
located from BarsebBck to Limhamn (low activity). Data from Table 
3.2.5.13. 
Forsmark results 
Tables 3.2.5.14-17 show data on radionuclides in water from the 
Biotest area, discharge from Forsmark and calculated transfer 
factors from discharge to water. The time-integrated water 
sampling procedure was described in the 1983-report1). 
The water samplings at Forsmark were performed by the National 
Swedish Environmental Protection Board, and the results should 
be compared with their measurements on biota and sediments. A 
map of the location is shown in Figure 3.2.5.3. 
Table 3 . 2 . 5 . 1 4 . Reported monthly l iquid discharges from Forsmark I and II in 1986, reference 3£. 
(Unit: Bq month-1) 
Isotope Jan Feb March April May June July Aug Sept Oct Nov Dec 
5 1 C r 1 .4x10° 0 1 .9x10 8 1 .2«10 9 1 . 9 * 1 0 9 1 . 9»10 9 3 . 3X10 9 2 . 1 x 1 0 9 2 . 3 * 1 0 9 6 . 0 x 1 0 8 4 . 0 x l 0 9 I . O x l O 9 
54Mn 2 . 8 x 1 0 8 3 . 0 x i 0 8 2 . 0 x l « 8 3 . 0 x l 0 8 2 . 2 x i 0 8 I . O x l O 8 1 . 8 x i 0 9 2 . 2 x 1 0 9 7 . 1 x i 0 8 6 . 7 x 1 0 8 6 . 1 x i 0 8 4 . 1 * 1 0 8 
5 7 Co 0 0 0 0 0 0 1 .5«10 7 1 .5x10 7 1 . 2 x i 0 7 0 2 .4x10 7 2 . 8 * 1 0 7 
5 8Co 7 . 6 x i 0 8 8 . 1 x i o 8 3 . 9 x i o 8 8 . 7 x l o 8 7 . 6 x 1 0 s 5 . 5 x 1 0 8 6 . 2 x l 0 9 6 . 2 x 1 0 9 3 . 6 x l 0 9 3 . 5 x 1 0 9 3 . 4 x 1 0 9 1 . 3 * 1 0 9 
5 9 F e 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 Co 2 . 1 x 1 0 1 0 2 . 4 X 1 0 1 0 l . l x i o 1 0 1 . 5 X 1 0 1 0 1 . 6 x 1 0 1 0 6 . 4 X 1 0 9 7 . 1 x i o 1 0 7 . 7 x 1 0 1 0 2 . 9 x l 0 1 0 4 . 3 x 1 0 1 0 2 . 1 x l 0 1 0 1 . 9 x 1 0 1 0 
6 5 Z n 1 .6x10 9 2 . 7 x i 0 9 1 .5x10 9 1 . 6 X 1 0 9 1 .4x10 9 6 . 4 x 1 0 8 6 . 9 x 1 0 9 6 . 6 x 1 0 9 2 . 8 x i o 9 4 . 7 * 1 0 9 2 .7x j f l9 2 . 0 * 1 0 9 
Z r O O O O O O O O O n o o 95 
9 5 Nb O O O O O O O O O f l C 0 
1 0 3 Ru 0 0 0 0 0 0 0 0 0 0 0 0 
110mAg 2 . 4 * 1 0 8 1 .6X10 8 2 . 0 x 1 0 8 2 . 7 X 1 0 8 3 . 5 * 1 0 8 1 .5X10 8 l . l x i o 9 1 . 2x10 9 1 .2x10 9 6 . 7 x 1 0 8 1 .4x10 9 6 . 2 * 1 0 8 
1 2 4 S b 0 9 . 5 x 1 0 8 0 0 6 . 1 x 1 0 8 0 1 . 8 * 1 0 9 1 . 7 x l 0 9 0 0 1 .3x10 9 0 
—
 5Sb 0 7 . 7 x 1 0 s 0 0 3 . 4 x 1 0 8 0 0 0 0 0 0 5 . 5 x 1 0 7 
1 : , 1 I 0 O 0 0 0 1 . 5 * 1 0 8 0 0 4 . 4 x 1 0 s 3 . 2 * 1 0 8 2 . 4 x 1 0 8 3 . 3 * 1 0 8 
1 3 4 Cs 0 0 0 0 0 0 0 2 . 6 x 1 0 s 0 0 0 0 
, 3 7 C s 0 0 0 0 0 0 2 . 8 X 1 0 8 3 . 1 x 1 0 s 0 0 6 . 2 x l 0 7 C 
1 4 0 B a 0 0 0 0 0 0 0 0 0 0 0 0 
, 4 0 L a 0 0 0 0 0 0 0 0 2 . 4 x l 0 8 0 0 0 
1 4 1 C e 0 1 . 4 x l 0 7 8 . 9 x 1 0 6 4 . 7 x i Q 7 2.QX107 l . l x i o 7 6 .QX107 0 1 . 7 x i o 8 1 . 9x10 7 8 . 5 x l 0 7 3 . 4 x l 0 7 
O 
I 
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Table 3.2.5.15. Reported annual liquid discharges from 
Forsmark I and II in 1984-1986 from reference 36 
Isotope 1984 1985 1986 
51Cr 4.9*10n 3.3«1010 1.9*1010 
54Mn 4.7x,09 6.1»109 7.8*109 
57Co 9.0»108 4.1«107 9.4*107 
58Co 3.8x1010 5.2*1010 2.8*1010 
59Fe 4.7*107 0 0 
60Co 9.2*1010 2.0*10n 3.5-O011 
65Zn 2.4x1010 3.1»1010 3.5*1010 
95Zr 1.8*108 0 0 
95Nb 5.3«108 0 0 
103Ru 2.9X108 0 0 
110mAg 5.6*109 4.8»109 7.6*109 
124Sb 8.1x109 2.2*1010 5.2»109 
125Sb 1.4x109 6.4*108 1.2*109 
131I 1.7x1010 4.4«109 1.5x109 
134Cs 8.6x107 3.6«109 2.6*108 
137Cs 3.7x108 4.4x109 6.5*108 
140Ba 5.2x109 0 0 
140La 2.8x109 6.1*107 2.4*108 
141Ce 1.6x1012 1.6x108 4.7*108 
Table 3.2.5.16. Radiocobalt and Zinc-65 in time-integrated water samples collected at the outlet 
from the biotest-area. Porsmark in 1986. (Unit: Bq m - 3) 
Isotope 2/1-4/2 5/2-4/3 4/3-1/4 5/5-1/6 1/6-2/7 July Aug 12/9-8/10 6/11-1/12 5/12-7/1-87 
5»Co 22 26 21 A 
«0co 71 101 127 123 27 250 230 194 68 60 
«5 2 n 25 22 22 13.9 6 A 25 22 26 9.1 A 13.7 
I 
to 
Table 3.2.5.17. Transfer-factor from reported monthly discharge (GBq) to monthly time-integrated ' 
mean water concentration (Bq m~3) at the outlet from the biotest-area, Forsmark in 1986 (Bq m"3/ 
GBq month"1 or 10~9 x month m~^) 
Isotope Jan Feb March Nay June July Aug Sept Nov Dec x S.B. n 
58Co 3.5 4.2 5.8 4.5 0.7 3 
««Co 3.4 4.2 11.5 7.7 4.2 3.5 3.0 6.7 3.2 3.2 5.1 0.9 10 
*5*n 15.6 8.1 14.7 9.9 9.4 3.6 3.3 9.3 3.4 6.8 8.4 1.4 10 
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Table 3.2.5.18. Radiocobalt and Zinc-65 in time-integrated 
water samples collected at the intake to the biotest-area, 
Forsmark in 1986 (Unit: Bq m"3) 
Isotope 
58Co 
60 C o 
652„ 
12/9-6/10 
12 A 
134 
20 
6/11-1/12 
-
38 
8.7 
Figure 3.2.5.3. The biotest basin at Forsmark. The water samples 
were taken at the outlet from the basin. 
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4. FALLOUT NUCLIDES TN THE ABIOTIC ENVIRONMENT 
by A. Aarkroq and Heinz Hansen 
4.1. Air 
4.1.1. Radiostrontium 
The mean air activity for 1986 was 26 pBq 90Sr m-3 mean of big 
and small air samplers and glass fibre filters. This is an in-
crease by two orders of magnitude since last year due to the 
Chernobyl accident. The 90Sr disappeared more rapidly from the 
air than the radiocesium. Already by September the 90Sr levels 
were back to fallout background again. 
For the period May-Sept 1986 the inteqral air activity was 5.7 
mBcr m~3 days in Bornholm (Table 4.1.1.2), while we on the two 
Table 4.1.1.1. Strontium-90 in air collected at Risø in 1986. (Unit: *Bq m - 3) 
Month 
Jan 1 -
April 21 
Hay 
June 
July 
Aug 
Sept 
Oct-Déc 
1986 
April 26 
'-28 (1 day) 
Big sampler, glass 
fibre filter, shunt 
0.48 B 
5700 
145 5^1 
4.1*1.9 
0.97 B 
0.53 B 
0.32 B 
-0.24 B 
28.6 
wSr/»°Sr+ 
19.7 
12.8 
Small sampler 
glass fibre 
0.53 
(5700) 
84 4> 
1.89-0.23 
0.83 A 
0.31 B 
1.24 
0.61 B 
(23.5)* 
89Sr/9°Sr* 
16.0 
•The annual mean for the small sampler included the peak value from April 27-28 
obtained from the big sampler. 
The error terms are 1 S.E. of double determinations. 
'Decay corrected to April 26, 1986. 
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samples at Risø measured 4.7 and 2.7 mBg 9uSr m-3 days, respect-
ively. The small sampler, however, did not include the first 4 
days of May. The mean of 89Sr/90Sr (on April 26) was 16+3.5 
(N = 3; +1 S.D.). 
Figure 4.1.1 shows the quarterly levels of 90Sr in air since 
1957. 
Table 4.1.1.2. Strontium-90 in air collected 
at Bornholm May-Sept 1986 (Unit: nBq m~3) 
Month Biq sampler, qlass 
fibre filter, shunt 
May 
June 
July 
Aug 
Sept 
172 
4.6 
2.0 
2.6 
2.8 
A 
A 
B 
B 
4.1.2. Radiocesium 
The Chernobyl accident was first of all characterized by its 
release of radiocesiurn. It has been estimated that approximately 
100 PBq 137Cs and about 50 PBq 134Cs were released20). One 
third of this was deposited within the European part of the 
USSR, i.e. atout 1 MCi 137Cs and 0.5 MCi 1 3 4Cs 2 2). 
The peak air activity at Risø occurred between April 27 noon 
and April 28 noon, when the air concentrations were 0.24 Bq 
137Cs m"3 and 0.13 Bq 134Cs m"3. 
The mean concentration of 137Cs in air in 1986 increased by a 
factor of nearly 2000 compared to 1985. 
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For the period May-Sept 1986 the integrated air activity at 
Risø was 0.25 Bq 137Cs m~3 days and at Bornholm we measured 
0.51 Bq 137Cs m~3 days. The 90Sr/137Cs in this period was 0.019 
at Risø and 0.011 at Bornholm. In the Risø "peak sample" from 
27-28 April the 90Sr/137Cs was 0.024. 
Table 4.1.2.1. Radioeesium in air collected in 
glass-fibre filters by the biq air sampler at Ris* 
in 1986. (Unit: pBq m~3) 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
1986 
"7 Cs 
0.47 A 
0.94 
1.00 
8000 
7700 
160 
65 
30 
19 
21 
13.3 
23 
1340 
'3«Cs 
-
-
-
4S00 
4400 
87 
33 
15 
9.6 
10 
5.8 
10 
Table 4.1.2.2. Radiocesium in air collected 
at the big air sampler in BornholM May-Dec 1986 
(Units »Bq m"3) 
Month 
May 
June 
July 
August 
September 
October 
November 
December 
137C, 
16100 
153 
28 
16.5 
10.3 
17.9 
9.1 
14.5 
134C, 
9000 
84 
13.9 
8.4 
5.0 
8.1 
4.2 
7.3 
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Pigures 4.1.2.1-4.1.2.4 show the concentrations of 137Cs in air 
collected at Risø and Bornholm since the Chernobyl accident. 
Figure 4.1.2.1 shows that the air concentration decreased rapid-
ly after the first peak on 27-28 April; but a new maximum occurs 
in the first days of May with a peak on May 7. Then the 137Cs 
activity disappears from the air with a halflife of approximate-
ly 1 week. However, when we come to July a peculiar pattern ap-
pears from Pig. 4.1.2.2: In the first days of the week (Monday-
Thursday) the air concentrations are an order of magnitude higher 
than in the weekend (Friday-Sunday). This pattern continued un-
til the last half of August, when the situation became more 
blurred. However, the air activity decreased much more slowly 
than in the first two months after the accident. Prom July to 
December the 137Cs concentrations thus only decreased by a fac-
tor of two or three. 
What we see is a substantial resuspension of the deposited Cher-
nobyl radiocesium. Furthermore, this resuspension seems to hav? 
been strongly influenced by the human activities in the working 
days of the week. At Risø it may during July-August have been 
due to the more intense traffic on the roads during the working 
days than in the weekends. When the phenomenon disappears after 
a few months it may be because the Chernobyl dust then has been 
removed from the roads and their neighbourhood and thus no more 
can be influenced by the traffic. The broader peak seen in Pig. 
4.1.2.2 at the beginning of September may be due to the burning 
of the fields after harvest. We may compare the total integrated 
137Cs air activity from Chernobyl measured at Risø with that 
measured from global fallout. Chernobyl released 100 PBq 137Cs 
and resulted in 1.3 mBq '37Cs m~3 year. Global fallout has re-
leased 740 PBq 137Cs (UNSCEAR, 1982) and gave 7.4 mBq 137Cs m"3 
year. Normalized to a release of 1 PBq '37Cs, global fallout 
thus gives 10 uBq *37Cs m~3 year while Chernobyl gave 13 MBq 
m~3 year. It is, however, important to notice that while es-
sentially all the activity from Chernobyl was delivered within 
a few months the global fallout of 137Cs will disappear from the 
atmosphere with an effective half-life of 10 months. That is 
due to the fact that the Chernobyl debris was injected in the 
troposphere only, while global fallout comes mostly from the 
stratosphere. 
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Table 4.1.2.3. Cesium-137 in 
air collected at Risø 1958-1986 
Year fCi m"J »»Bq m~ 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
4.2 
13.1 
1.98 
2.3 
23 
66 
31 
10.6 
5.7 
2.1 
2.4 
2.4 
3.4 
2.7 
1.37 
0.47 
1.96 
1.30 
0.42 
1.62 
1.70 
0.62 
0.24 
0.81 
0.146 
0.053 
0.036 
0.0184 
36 
155 
480 
73 
84 
850 
2400 
1150 
390 
210 
79 
88 
91 
127 
98 
51 
17.3 
73 
48 
15.5 
60 
63 
23 
8.7 
30 
5.4 
1.9 
1.3 
0.61 
1340 
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Chernobyl has, however, shown us that after the deposition of 
the debris there is a period with resuspension which may last 
more than a year after the deposition. 
Figure 4.1.2.5 shows the air concentrations at various loca-
tions in Denmark during the passage of the first and second 
clouds from Chernobyl. The samples were obtained from a sam-
pling network operated for other purposes by the Air Pollution 
10 
10 
«? 10 
^ 10 
10' 
10 
m i 11 ii ii ii n ii 11 ii ii ii ii ii ii n u 11111 ii 11 ii 11 ni il i ii 11 n 111111 
Air Collected at Risø ih 1986 
N 
j j i II I III I I II I I H I l II II II II I I I I I I I I II I I II I III I II I II I I II II I I I I 
27 5 10 15 20 25 30 5 10 15 20 25 30 
april may June 
Fig. 4.1.2.1. Ceslura-137 in air collected at Risø, Denmark, 
in the period April 27-June 30, 1986 (cf. also Fig. 4.1.2.2), 
I 
a ug sep 
Fig. 4.1.2.2. Cesiura-137 in air collected at Risø, Denmark, in the period 
June 1-Dec "1, 1986 (cf. also Fig. 4.1.2.1). 
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Laboratory of the National Aqency of Environmental Protection 
in Denmark*). It is remarkable that the first cloud on 27-28 
April did not hit the southwestern part of the country. The 
second cloud on 4-5 May was, however, most prominent in the 
southern and western parts of Denmark. 
10 
105h 
7e 10 
io3 
10'h 
10 
1111111111111111111111111111n11111111111111 i ii n n111 n : i n 111 n 
Air Collected at Bornholm in 1986 
LLU 
27 
april 
10 15 20 25 30 
may 
ii ii i n II II II 1111 i in i i i II i n ii n i n ii i n II II II i n i i 
10 15 20 25 30 
June 
Fig. 4 .1 .2 .3 . Cesium-137 in air col lected at Bornholm, Denmark, 
in the period May-June 1986 (cf. also Fig. 4 .1 .2 .4 ) . 
*The f i l t e r s collected only part iculates and they f i l tered 
approximately 60 m3 in 24 hours. 
aug sep 
rig. 4.1.2.4. Cesium-137 in air collected at Bornholm, Denmark, in the period 
June-December, 1986 (cf. also Fig. 4.1.2.3). 
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Cesium-137 in Air from 1986, mBq m -3 
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Figure 4.1.2.5. Cesium-137 in ground level air collected at stations 
operated by the Air Pollution Laboratory of the National Agency of 
Environmental Protection in Denmark in April-May 1986. 
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The mean 137Cs/90Sr ratio in Risø air was 52 in 1986. Risø rain 
showed a ratio of 35 (Tables 4.2.1.6 and 4.2.2.4). Table 4.1.2.3 
shows the annual 137Cs concentrations in air collected at Risø 
since 1958. 
Table 4 . 1 . 3 . 1 . Short - l ived isotopes in Chernobyl debris 
Date 
(at 12:00) 
26 April 
27 April 
-» * •> 
28 April 
_ " — 
a. " a* 
— * — 
_ * _ 
• • — 
— * • 
• * • 
29 April 
«. • . 
— • — 
—
 m
 — 
— * • 
30 April 
1 May 
2 May 
• • • 
3 May 
— •» • 
4 Hay 
_ <• -
5 May 
- •» — 
• * -
. •• -
132^/131! 
A«0.127 d"1 
0.67 
0.46 
0.45 
0.46 
0.59 
0.71 
0.077 
0.068 
0.061 
0.050 
0.086 
0.38 
0.29 
0.082 
0.51 
0.062 
0.072 
0.109 
0.102 
0.123 
0.058 
0.068 
0.048 
0.034 
0.040 
0.031 
0.043 
0.73 
133^131! 
A-0.714 d"1 
-
-
-
0.33 
-
0.25 
0.26 
0.38 
0.38 
0.29 
0.30 
0.129 
0.143 
0.134 
0.22 
-
0.077 
0.038 
0.048 B 
-
-
-
-
0.0088 
0.0030 
0.012 B 
-
^ 
Sample type 
Lorry dust 
Air 
-.•— 
-"- 24-
— •» 
Cutter 
Grass 
— * — 
• * — 
— ** — 
— »* — 
Air 28-
28/4 
filter 
-29/4 
-"- 29/4 
Grass 
Dry fallout 1-29/4 
Grass 
— * — 
_ <• — 
— * — 
— * — 
— • — 
_ * — 
« * — 
Dandelion 
Air 
Grass 
— * — 
— » — 
Location 
Brest, Ukraine 
Charlottenlund 
Nmstved 
Ris« 
Charlottenlund 
Baltic Sea 
Rise 
—* * 
Vindinge 
Tune 
Himmelev 
Rise 
— • — 
_»_ 
Rise 
Tylstrup 
Ris* 
—• — 
—" — 
Ledreborg 
Grevinge 
S-Jutland 
S-Halland 
Risø 
Risø 
_* — 
Smidstrup 
Årslev 
DK Zealand 
_ n _ 
_ m _ 
_ a _ 
DK Bornholm 
DK Zealand 
•> *• — 
- • -
— * — 
— * _ 
_ ti _ 
— " .• 
— " _ 
_ H _ 
DK N-Jutland 
DK Zealand 
— * — 
— * — 
— * — 
— • -
DK S-Jutland 
Sweden 
DK Zealand 
— *• — 
— *» _ 
— * — 
DK Punen 
- 56 -
4.1.3. Short-lived ^emitters in air 
4.1.3.1. Radioiodine. Figure 4.1.3.1 shows the '3'l concentra-
tions in air collected at Risø in the first months after the 
Chernobyl accj.dent. The maxii.. wn occurred 27 April, when the 
first cloud passed over the eastern part of the country. The 
samples were collected on glass fibre filters and thus did not 
contain all the iodine. The total iodine activity may have been 
1.5-2 times hiqher than that actually measured. 
Piqure 4.1.3.2 shows the countrywide pattern of the ^31I ac-
tivity in air during the passage of the two clouds after the 
accident (cf. also Fig. 4.1.2.5). The maximum: 3 Bg 131j
 m-3 
was observed at Charlottenlund in NE-Zealand on April 27. As 
for '3'Cs the first cloud was not detectable in Western Denmark, 
while the second cloud on 4-5 Nay was most prominent here 
The countrywide mean ratio: 13^I/'37Cs ^n particulate air debris 
was 3.8+0.66 (N « 5; _+1 S.D.) on 27 April. On 5 May we found 
11*3.9 (N = 8; £1 S.D.). This may suggest that the particulate 
fraction of iodine increased from the first to the second cloud. 
The efficiency of our glass fibre filters for the various chem-
ical forms of iodine is not known. We believe, however, from 
simultaneous measurements with carbon beds that our qlass fibre 
filter have collected between 40-80% of the total 131I activity 
from Chernobyl. Finnish measurements") have shown that between 
76 and 97% of the 131I penetrated throuqh the qlass fibre filter 
in Nurmiiå'rvi in the period April 29-June 30, 1986. We have 
found that our glass fibre filters were more efficient than 
that. This may, however, be a result of a heavier load with 
dust (and carbon particles from coal-fired power plants) in the 
Risø environment. 
If we look at refractory elements such as 95Zr and 14*Ce the 
95Zr/137Cs and 141Ce/137Cs decreased by nearly an order of mag-
nitude from the first to the second cloud. This shows that 
fractionation has played an important role. 
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Fig. 4.1.3.1. Iodine-131 in ground level air collected at Risø 
in April-June 1986. 
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lodine-131 in Air from 1986. mBq m -3 
59°N 
58°N 
57°N 
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55°N 
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- 5£°N 
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Fig. 4 .1 .3 .2 . Iodine-131 in ground level air co l l ec ted at s ta t ions 
operated by the Air Pol lution Laboratory of the National Agency of 
Environmental Protection in Denmark in April-May 1986. 
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Fig. 4 .1 .3 .4 . 1 3 2 T e / 1 3 1 I in air , dust and grass samples col lected 
in Denmark in 1986. 
V Lorry dust from Ukraine, # grass from S-Sweden. 
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The 132Te/131j ^j^ n o t follow the theoretical ratio. In air the 
observed ratio was approximately half of the theoretical one 
and in arass the ratio was nearly an order of maqnitude lower 
than that in air. The reason is that Te is less volatile than 
Iodine and furthermore, that the deposition of Te on qrass is 
lower than that of Iodine. It should be noticed that the dry 
deposition of Te in our 10 m2 rain collector at Risø was ap-
proximately 8 times higher than that observed in grass samples. 
A single grass sample collected May 5, 1986 at Årslev, Funen, 
showed a much higher l32Te/131I than seen in other grass samples. 
This sample may, however, have been the only one representing 
wet deposition as it rained over Funen April 30. 
Around May 7, 1986, when the second Chernobyl cloud over Den-
mark showed its peak concentrations of radiocesium short-lived 
radionuclides appeared again. In Sweden, Ingemansson14) found 
an increase in the 133j/131j
 an<j 132Te/131j ratios, and he con-
cluded that fission reaction had taken place again in the dam-
aged case. We were not able to detect 133T (pig. 4.1.3.3) in 
our air filters from Risø and Bornholm, but we found ^2«re> ^s 
shown in Fig. 4.1.3.4 the 132Te/131j increased by more than an 
order of magnitude. Tellurium may, however, behave otherwise 
than Iodine and some of the increase could be due to fractiona-
tion phenomena. If we consider the ratio: 239flp/141ce (Fig. 
4.1.4.1) we notice again a steep increase in the ratio. In 
this case it is less likely that fractionation should be the 
explanation. We may also have a look at the 239Np/137Cs ratio; 
in this case we cannot see any increase around May 7, it rather 
looks like a drop in the ratio. This may be due to fractionation 
by which Cesium has been enriched relative to Neptunium, but 
this enrichment was even more pronounced relative to ^ C e (cf. 
also 4.1.3.2). 
4.1.3.2. Other y-emitters. In the appendix the detailed meas-
urements of the air filters collected at Risø and Bornholm are 
reported. Table 4.1.3.2 shows the 95Nb/952ir ratios in some of 
these air filters and in a few other samples. It appears that 
air collected between 9 and 12 May showed a strong depletion of 
Tab!« 4.1.3.2. ,sHb/"tr in saaplai of air. rain, qraia and dry dapoait collect*! April-July 198* 
Lorry Boat tilt. Air tiltar Air (lltar Air filtar Air (iltar Air (iltar Air filtar Ory fallout' 
E-Foland Baltic Sea Riaa His« Rise Rtaa Bornhol* Ala* Riaa 
2«-28 apr 27-2« Apr 27-2« Apr 4 Nay 4-S Nay 7-8 Nay 7-t Nay 1-12 Nay 2«-2* Apr 
Data of 
acasuraaant 
Thaoratical 
Pound 
Nay 1 
1.04 
0.92 
Dat« of 
waaauraaant July 29 
Thaoratical 
Found 
1.59 
1.4« 
Nay 1 
1.04 
1.24 
July « 
1.58 
».47 
*S t r /U7 C a. 2,»3/o.77 0.19/0.24 
April 29 
1.03 
1.17 
July 7 
1.57 
1.59 
Nay 5 
1.0« 
1.07 
0.78 0.22 
July 14 
l.«1 
1.84 
0.12 
Hay I 
1.13 
2.90 
0.15 
Nay 11 
1.15 
2.91 
July 7 
1,5« 
2.7« 
July 14 
1.A1 
7.« 
0.020 0.0040 
RainA Rain£ Rain* 
Riaa Riaa Rlaa 
30 Apr-9 Nay 9-11 Nay Juna 
Grau Great Qraaa 
Alta RUa Rita 
21 Apr 4 Nay a Nay 
July 20 
1.«« 
1.(0 
14.9 
Nay 10 
1.14 
2.13 
Apr 28 Nay 4 Nay 8 
1.03 1.0« 1.13 
1.01 0.95 1.05 
Juna 27 July 11 
1.«« 1.5* 
1.74 1.29 
0.044 0.22 1.31 4.4 0.10 
•Dacay correctad to 2« Apr. ^Collected in a 10 m* rain saapler connecter] with an ion 
exchange coluan. 
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'^Zr compared to ^Nb. iphe 95Nb/95Zr w a s significantly higher 
than the theoretical ratio. This phenomenon was perhaps due to 
some scavenging process in the reactor, where the Zr-cladding 
of the fuel elements may have retained the Zr more efficiently 
than the Nb. 
The **^Ce/'^Zr is as the ^^Nb/^^Zr also usually rather insen-
sitive to fractionation, but again we notice a depletion of 
^
5Zr around 9-12 May when the ratio increases by a factor of 
2-4. 
4.1.4. Transuranics and uraniuni-237 in air 
4.1.4.1. Neptuniurn-239 and uranium-237. The first samples col-
lected after the accident in Chernobyl all contained 239Np and 
237U. These radionuclides were determined from their y-peaks at 
277.6 keV and 208.0 keV, respectively. In the Risø air filter 
collected from 24 April to 28 April the time integrals were 
1.82 Bq 239Np m"3d and 0.23 Bg 237U m"3d referred to April 26; 
12.00. In the lorry dust sample from Brest in Ukraine the 
239Np/^37Cs ratio was 19, i.e. 25 times higher than in the Risø 
air filter. The 237U/137Cs was 1.11 in the lorry dust and 0.96 
in the Risø filter, all ratios referred to April 26; 12.00. The 
USSR22) has reported a 239Np/137Cs in the release on April 26 
of 9. 
We found that 239Np and ^ C e behaved very similar in the vari-
ous environmental samples (lorry dust, air debris, dry deposit 
and qrass) (Fiq. 4.1.4.1). The dry deposition velocity of 239Np 
on qrass was hiqher than for *37Cs (Piq. 4.1.4.2) and probably 
also than for 132Te (Piq. 4.1.4.3). However, 237U possibly 
showed a hiqher dry deposition velocity than 239Np (Piq. 
4.1.4.4). 
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4.1.4.2. Longer-lived transuranics: Pu, Am, Cm. Some of the 
more radioactive samples collected after Chernobyl were ana-
lysed radiochemically for plutonium, americium and curium. The 
radiochemical analysis for Am does not separate for curium iso-
topes and these are thus determined along with Am by the --
spectroscopy. Curium-242 (half-life 162.8 d) has a peak in 6.11 
MeV. Curium-243 (half-life 28.5 y) and Curium-244 (half-life 
18.1 y) both have peaks around 5.8 MeV, and could not be sep-
arated from each other. 
In Tables 4.1.4.1 and 4.1.4.2 we have summarized all Pu, Am and 
Cm data on Chernobyl debris measured at our laboratory. Besides 
air filters (Table 4.1.4.1) we have included the above-mentioned 
lorry dust sample, the Cutter filter, and a few other samples 
(see Table 4.1.4.2). Most of the samples were analysed twice. 
It is evident that the samples were very inhomogeneous. The two 
aliquots differed in some cases by nearly an order of magnitude. 
Already around the middle of May Pu and Am had practically dis-
appeared frjm the air. We may estimate the inhalation dose from 
239,240pu from the air integral! ~ 50 yBq m~^d received by the 
first cloud from Chernobyl and the daily respiration rate 20 
m~3d~1. This gives an Intake of 1 mBq 239,240PlK T n e actual in-
take is lower because the air concentration is lower indoors 
than outdoors. The dose from 1 mBg 239,240Pu ^s n.03 pSv. 
If we limit ourselves to the most radioactive samples for which 
the counting errors are relatively low we may calculate the 
ratios between the transuranics in Chernobyl debris. This has 
been done in Table 4.1.4.3. We find the following mean ratios: 
238Pu/239,240Pu = 0 # 5, 241Am/239,240Pu = 0.1 and 242Cm/239,240Pu 
- 14. There is no systematic difference between the same ratio 
measured in various samples, except for241Am/ 239,240PUf Which 
probably (P > 95%) was lower in the lorry dust than in the 
other samples. The 238Pu/239,240Pu an$ 242Cm/239,240Pu w e r e re-
ported as 0.47 and 12.4 by the USSR22)
 a t tjje Vienna conference 
about Chernobyl in August 1986, i.e. in good agreement with our 
observations. 
Table 4.1.4.1. Transuranics in air wCq m~3 collected in 1986 
Location Sampling 
period 
Risø 
Risø 
Risø 
Aliquot 239,240Pu 238Pu 241Am 242Cm 243,244Cm 137Ca 
on 26 April 
1986 
Risø 24-28 April 
m _ w _ 
Risø 4 May 10 a.m.-7 p.m. 
4-5 May 7 p.m.-9 a.m. 
7-8 May 9 a.m.-9 a.m. 
8-12 May 9 a.m.-9 a.m. 
Risø 19-20 May 9 a.m.-9 a.m. 
Bornholm 7-9 May 
_ * _ 
6.4 
19.0 
0.50 
0.40 
2.2 
0.29 
0.66 
0.37 
0.005A 
0.148 
B.D.L. 
0.07 B 
0.75 
1.72 
3.7 
8.8 
0.37 
0.29 
1.32 
0.21 
0.30 
0.28 
0.76 
1.81 
0.48 A 
0.21 B 
0.26 A 
B.D.L. 
B.D.L. 
0.68 
B.D.L. B.D.L. 
B.D.L. B.D.L. 
B.D.L. B.D.L. 
B.D.L. B.D.L. 
0.28 0.34 
0.73 0.033 
195 
287 
6.9 
6.1 
6.7 
3.7 
5.7 
7.1 
0.29 A 
0.15 B 
0.19 B 
0.20 d 
7.4 
14.4 
:.3 
1.4 > 
2.
2 
0.54 A 
B.D.L. 
0.47 A 
0 
0.37 
1. > 
1.15 A ' 
63600 
22700 
24000 
} 154400 
0.68 > 
D. V • U. 1 
B.D.L. •» 
B.D.L. i 
B.D.L. ' 
0.16 A , 
0.11 A * 
14400 
2420 
183400 
so 
Table 4.1.4.2. Transuranics in various samples collected in 1986 
Sample Location 
Motor Bornholm 
filter 
— <• — 
Lorry Brest 
dust Ukraine 
Date Aliquot 239.240
 u 238Pu 241Pu 241^ 242Cm 
on 26 April 
1986 
243,244Cm 
Unit 137 Cs 
28 April 
— * — 
27 April 
— * — 
Rain 
Grass 
Grass 
turf 
Wheat 
grain 
Wheat 
grain 
Sun-
flower 
seeds 
Risø 
Askov 
_ m _ 
Kiev 
USSR 
— * — 
Greece 
_ n _ 
Greece 
* * _ 
Greece 
— * .*. 
8 
27 
-
26 
-
6 
-
7 
-
Nay 
Nay 
n
 mm 
Sept 
m _ 
Aug 
n __ 
July 
M __ 
0.123 
0.123 
3.0 
17.6 
0.051 
0 .079 
3 .9 
10.4 
0 .030 
0 .073 
0 .0S9 
0 .90 
8 .7 
0 . 0 3 4 
0 .048 
1.71 
3 .8 
0 .015 
0.0008A B.D.L, 
-
308 
655 
0.0164 
0.0146 
0.22 
1.01 
0.53 
0.0152% 
0.0137A 
0.51 
1.09 
0.0053 
0.0016 
0.0007B 
0.0008A 
0.0014A 
0.0024A 
2.07 
1.81 
23 
190 
39 
0.68 
1.05 
55 
100 
0.32 
0.020 
0.0072 
0.0157 
0.0047A 
0.0082A 
0.027 
0.017 
0.40 
1.31 
0.29 
0.055 A 
0.017 A 
0.48 
0.65 
0.0043 
0.0029 
0.0007B 
0.0033 
0.0005B 
0.003 A 
Bq I"' ( 
— * 
Bq kg-1 
—
 H
 — 
mBq 1_1 
Bq 
Bq 
Bq 
Bq 
Bq 
kg"1 
kg-1 
_ N 
kg"' 
_ n 
kg"' 
kg"' 
_ it 
sxtract*i 
dry 
dry 
dry 
dry 
dry 
} 
2730 
13700 
115600 
" I 
"*l 
"'J 
"•} 
"I 
147 
2040 
1140 
650 
24.« 
*1.94 g filter was dissolved in 1 1. Two aliquots of 100 ml each were analysed. 
•The deposition was I: 190 Bq 239,240Pu m-2 a n d Ils 5 1 0 B q 239,240Pu m-2. 
Table 4.1.4.3. Transuranic ratios (referred to April 26, 1986) in Chernobyl debris 
Sample 
Lorry 
dust 
Motor 
filter 
Air 
Grass 
turf 
Wheat 
grain 
Location 
Brest 
Ukraine 
Bornholm 
Rise 
Kiev 
USSR 
Greece 
Dace 
27 April 
_ M _ 
28 April 
— *• _ 
24-28 April 
_ n ^ 
26 Sept 
_ M _ 
6 Aug 
Aliquot 
I 
II 
I 
II 
I 
II 
I 
II 
I 
X 
S.D. 
n 
241 
239,2 
97 
91 
101 
79 
63 
86 
15 
0. 
Pu 
!40Pu 
18 
238pu 
239,240Pu 
0.30 
0.49 
0.59 
0.48 
0.58 
0.46 
0.44 
0.37 
0.50 
0.47 
0.09 
0.20 
24lAm 
239,240Pu 
0.073 
0.057 
0.133 
0.1 19 
0.119 
0.095 
0.131 
0.105 
0.177 
0.112 
0.035 
0.32 
?42Cm 
243.244 C m 
58 
145 
77 
106 
85 
120 
115 
154 
74 
104 
33 
0. 32 
242Cn, 
235,240pu 
7.7 
10.8 
16.8 
14.7 
30 
15.1 
14.1 
9.6 
10.7 
14.4 
6.6 
0.46 
242 C m 
2*1 Am 
105 
188 
126 
124 
257 
159 
108 
92 
60 
135 
59 
0. 43 
243,244 
24'Am 
1.82 
1 .30 
1 .64 
1 .16 
3.0 
1.33 
0.94 
0.60 
0.81 
1.40 
0.71 
0.51 
Cm 
/ 
} 
J 
} 
239,240Ou 
<"cs 
0.75 • 10"3 
0.045 •• 10"3 
0.21 * 1CT3 
3.5 » 10~3 
I 
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4.2. Precipitation 
4.2.1. Radiostrontium in precipitation 
Samples of rain water were collected in 1986 from the State 
experimental farms (cf. fig. 4.2) in accordance with the prin-
ciples laid down in Risø Report No. 63, p. 51*). 
Tables 4.2.1.1 and 4.2.1.2 show the results of the 90Sr deter-
minations and Tables 4.2.1.3 and 4.2.1.4 the analysis of vari-
ance of the results. 
The mean levels for ten State experimental farms were 38 Bq 
90Sr m"2 and 63 Bq 90Sr m~3. The fallout rate in 1986 was 47 
times that observed in 1985. The 9^Sr mean deposition in 1986 
was the same in Jutland as in the Islands. Although 9nSr only 
was a minor contributor to the Chernobyl contamination, the 
signal was nevertheless very significant. We have not had a 
hiqher fallout rate of 
90Sr 
in a single year since 1971. 
Table 4.2.1.5 shows the 89gr/90gr in precipitation samples from 
1986. The mean was 13.5+5.2 ( + 1 S.D.; N = 26) decay corrected 
to April 26, 1986. Th.> USSR22' has reported a ratio of 10. 
Finnish measurements33^ aqreed with our ratio. The 90Sr concen-
tration in rain water decayed in 1986 with an effective half-
life of 3 weeks. 
Table 4.2.1.6 shows the 9^Sr in precipitation collected at Risø 
partly by the 10 m 2 ion exchange sampler, partly in the 8 rain 
bottles located at Risø and in the environment21). The total 
sampling area of these bottles is 0.23 m2. 
The mean concentrations of 90Sr in the Risø rain samples were 
in good agreement with that from the state experimental farms. 
The deposition differed siqnificantly between the two Risø 
sample systems; the bottles collected 32 Bg m~2 (503 mm) while 
the 10 m2 ion exchanae sampler gave 23 Be- m~2 (395 mm). In case 
of 13^Cs (cf. 4.2.2) we found aqreement between deposition for 
the two systems, but in this case the concentrations found in 
the ion exchange sampler were higher than those in the rain 
bottles. 
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The grand mean of 89Sr/90Sr in Risø rain (Table 4.2.1.7) was 
13.0+4.5 (+1 S.D.y N = 5), i.e. in good agreement with the 
countrywide mean. The 90Sr/137Cs ratio was significantly higher 
in deposit ion than in air (cf. 4 . 1 . 2 ) . Probably because the 
rain samples did not represent the same air masses as the air 
samples. 
Table 4.2.1.1. Strontium-90 fall-out in Denmark in 1986 (Unit: Bq m-3) 
Location Jan-March April May June July-Auq Sept-Oct Nov-Dec Weighted 
mean 
Tylstrup 
Kala 
Borris 
Askov 
St. Jyndevad 
> 1.01 
330 410 
8.0 (600) 
5.1 (4S0) 
830 
7.1 
430 
S00 
9.0 
75 
33 
154 
65 
S.6 
1S.0 
9.9 
39 
13.9 
2.9 
5.7 
2.5 
4.8 
5.0 
1.52 
5.S 
0.50 
2.41 
1.36 
SO 
(53) 
(40) 
88 
56 
Aarslev 
Tystofte 
Ledreborg 
Abed 
> 0.96 
2200 1030 
9.9 970 
7.8 i40 
(7.1) 145 
51 
51 
31 
25 
30 
6.9 
8.3 
13.9 
6.7 
1.10 
3.1 
5.6 
4.1 
1.12 
0.82 
3.5 
180 
83 
36 
28 
Bornholm 
Weighted mean 
2.0 
1.08 
117 
83 480 46 23 15.2 5.7 
320 480 55 16.2 4.9 2.4 
32 SI 19 117 133 133 
47 
63 
Table 4.2.1.2. Strontium-90 fall-out in Denmark in 1986 (Unit: Bq m"2) 
Location 
Tylstrup 
Kai« 
Borris 
Askov 
St. Jyndevad 
Aarslev 
Tystofte 
Ledreborg 
Abed 
Bornholm 
Mean 
Jan-March 
0.140 
0.092 
0.188 
0.126 
April 
7.8 
0.10 
0.23 
42 
0.22 
45 
0.24 
0.23 
(0.24) 
3.7 
10.0 
Kay 
22 
(23) 
(29) 
18.5 
35 
36 
38 
14.8 
13.2 
15.1 
24.5 
June 
0.16 
1.38 
0.57 
3.15 
0.82 
0.83 
0.97 
0.36 
0.54 
1.65 
1.04 
July-Aug 
0.72 
1.84 
1.57 
4.8 
1.33 
2.04 
0.60 
0.74 
2.14 
3.3 
1.91 
Sept-Oct 
0.30 
0.58 
0.40 
1.08 
0.7S 
0.82 
0.15 
0.28 
0.78 
1.34 
0.65 
Nov-Dec 
0.23 
0.55 
0.11 
0.46 
0.27 
0.47 
0.09 
0.08 
0.28 
0.58 
0.32 
1986 
31 
(28) 
(32) 
70 
39 
85 
40 
16.6 
17.3 
26 
38 
Values in brackets estimated from 137Cs data (Table 4.2.2.2) becausn the samples were lost. 
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Table 4.2.1.3. Analysis of variance of In Bq 90Sr m~3 
precipitation, April-December 1986 (from Table 4.2.1.1) 
Variation SSD f s 2 v 2 P 
Betweet months 164.623 5 32.925 30.380 > 99.95% 
Between locations 24.472 9 2.719 2.509 > 97.5% 
Remainder 45.518 42 1.084 
Table 4.2.1.4. Analysis of variance of In Bq 90Sr m~2 
precipitation, April-December 1986 (from Table 4.2.1.2) 
Variation SSD f s* v£ P 
Between months 94.566 5 18.913 17.459 > 99.95% 
Between locations 26.556 9 2.951 2.724 > 97.5% 
Remainder 45.499 42 1.083 
Table 4.2.1.5. Sr-89/Sr-90 in precipitation (decay corrected 
to April 26) in 1986 
Location Hay 
Tylstrup 
Kalø 
Borris 
Askov 
St. Jyndevad 
Aarslev 
Tystofte 
Ledreborq 
Abed 
Bornholm 
-
-
-
-
-
12 
12 
14 
8 
-
Mean 11.5 17.2 9.2 15.3 
1 S.D. 2.5 4.6 3.7 5.0 
June 
10 
21 
16 
15 
16 
15 
20 
25 
July-Aug 
11 
-
7 
5 
16 
7 
8 
7 
13 
Sept-Oct 
-
24 
-
12 
16 
9 
16 
-
15 
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Table 4.2.1.6. Strontium-90 in precipitation collected at Risø in 1986 
Month 
Jan 
Feb 
March 
April 
Nay 
June 
July 
Auq 
Sep 
Oct 
Nov 
Dec 
1986 (395 mm) 
The error 
10 m2 ion ex 
Bq m" 
0.007 
| 0.017 
0.48*0, 
21.4 ±0, 
0.540, 
0.173-0, 
0.038 
0.034 
0.060 
0.113 
0.015 
I 23 
terms are 41 
-2 
.00 
.8 
.03 
.006 
S.B. 
change sanpler 
Bq «"3 
0.18 
| 0.66 
17.9^0.1 
520 ^20 
39 *2 
3.1 0.1 
1.17 
1.02 
1.01 
3.7 
0.41 
x 58 
of the mean of 
(503 
Eight 0.2J m2 
Bq m - 2 
| 0.019 
0.073 
31.1 
0.23 
[ 0.29 
| 0.076 
| 0.052 
mm) 132 
rain bottles 
Bq m~3 
| 0.21 
2.1 
640 
12.8 
| 2.9 
| 0.72 
| 0.47 
if 63 
double determinations. 
Table 4.2.1.7. Sr-89/Sr-90 in Risø rain 1986 (decay 
corrected to April 26, 1986) 
Month 10 m2 ion exchange Bight 0.23 m2 
sampler rain bottles 
April 17.2 
Hay 15.210.0 6.0 
June 11.2 
The error term is 1 S.B. of the mean of a doubi" 
determination. 
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10°E 12° E 
57° N 
56°N 
St. Jyndevad v 
55°N 
55°N 
10° E 12°E 15°E 
Fig. 4.2. State experimental farms in Denmark. 
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4.2.2. Radiocesium in precipitation 
The most important longer-lived radionuclides from the Chernobyl 
accident were 137Cs
 an<j 134cs> The measurements of these iso-
topes in precipitation collected at the Danish State Experi-
mental farms are shown in Tables 4.2.2.1 and 4.2.2.2. The mean 
deposition was 1070 Ba 137Cs m~2 (cf. also 4.5) and the mean 
concentration was 1780 Bq 137Cs m~3. From the 134Cs/137Cs found 
in the precipitation samples we may estimate this ratio on 
April 26, 1986 to 0.553*0.004 (mean of 50 determinations; *1 
S.E.). 
The 90Sr/137Cs mean ratios in May, June and July-Aug were 
0.041",:0.004 ( *1 S.E.; N = 8), 0.016*0.003 ( *1 S.E.; N = 10) 
and 0.026*0.005 (+-1 S.E.; N = 10), respectively. In the last 
four months of the year the ^Sr/^37Cs
 w a s approximately 0.03. 
This may, however, be a little too nigh for Chernobyl debris, 
because the fallout background of ^nSr
 m ay play a role in this 
period, due to the decreasing Chernobyl levels. In the first 
months after the accident the rain water concentrations of 
^
37Cs decreased with an effective halflife of approximately 3 
weeks as also observed for 90Sr (cf. 4.2.1), but from October 
the decrease becomes slower. We notice that the concentrations 
are highest at those stations with the highest deposition in 
May-June from Chernobyl, i.e. Askov and Årslev. We assume that 
we deal with local resuspension of Chernobyl radiocesium. 
The two rain collector systems at Risø (10 m2 ion exchanqe 
collector and 0.23 m2 or 1 m2 rain bottles) both gave a *37Cs 
deposition about 800 Bq m~2 (cf. also 4.2.1), which is in 
agreement with the observations in Table 4.2.2.2 for Zealand 
(Tystofte and Ledreborg). The mean 90Sr/137Cs ratio was 0.034 
in Risø rain which is in good agreement with the countrywide 
mean of 0.036 in 1986 (Tables 4.2.1.2 and 4.2.2.2). 
Table 4.2.2.1. Cesium-137 (Bq m~3) and 13*Cs/137Cs in precipitation in Denmark in 1986 
Location Jan-March April* May June July-Aug Sept-Oct Nov-Dec 1986 
137Cs 134/137 137CS 134/137 137Cs 134/137 137CS 134/137 137Cs 134/137 137Cs 134/137 137Cs 134/137 '3;Cs 
Tylstrup 
Kale 
Borris 
Askov 
St. Jyndevad 
Aarslev 
Tystofte 
Ledreborg 
Abed 
Bornholm 
(8300) 
(230) 
(130) 
(22000) 
(190) 
(60000) 
(250) 
(200) 
(180) 
(2200) 
7100 
1S000 
11200 
15200 
10500 
32000 
21000 
10700 
4900 
9400 
0.51 
0.52 
0.54 
0.53 
0.54 
0.55 
0.53 
0.53 
0.54 
0.53 
2300 
3300 
3000 
12200 
2400 
9200 
2700 
2700 
1630 
1550 
0.53 
0.52 
0.58 
0.52 
0.52 
0.53 
0.52 
0.53 
0.52 
0.54 
390 
580 
560 
1680 
520 
1650 
760 
390 
300 
420 
0.46 
0.49 
0.49 
0.51 
0.48 
(1.52 
0.49 
0.53 
0.56 
0.53 
105 
178 
62 
270 
132 
270 
94 
98 
144 
153 
0.53 
0.48 
0.51 
0.50 
0.51 
0.47 
0.47 
0.51 
0.51 
0.46 
49 
171 
7.5 
440 
53 
220 
89 
75 
121 
66 
0.47 
0.42 
0.50 
0.47 
0.49 
0.49 
0.49 
0.48 
0.52 
0.48 
1130 
1390 
1080 
2900 
1220 
5600 
2000 
1230 
890 
940 
Mean (1.7) - (8100) - 12400 0.53 3900 0.53 680 0.51 159 0.50 96 0.48 1780 
S.D.:0.01 S.D.:0.02 S.D..-0.03 S.D..-0.02 S.D.:0.03 
•The April samples were not analysed for radiocesiuia. The concentrations were estimated from the 90Sr 
determinations assuming 137Cs/'°Sr » 26.3, i.e. the ratio measured in May. 
Table 4.2.2.2. Radiocesium fallout in Denmark in 1986 (Bq n"2) 
Location Jan-March April* May June July-Aug Sept-Oct Nov-Dec 1986 
137Cs 134Cs 137Cs 134Cs 137Cs 134Cs 137Cs 134Cs 137Cs 134Cs 137Cs 134Cs 137Cs 134Cs 137C8 
Tylstrup 
Kalø 
Borris 
Askov 
St. Jyndevad 
Aarslev 
Tystofte 
Ledreborg 
Abed 
Bornholm 
(200) 
(3) 
(6) 
(1100) 
(6) 
(1200) 
(o) 
(6) 
(6) 
(100) 
380 
570 
710 
660 
730 
1110 
820 
470 
440 
290 
191 
290 
380 
350 
390 
600 
430 
250 
240 
155 
41 
60 
51 
250 
30 
150 
52 
31 
35 
55 
21 
31 
30 
130 
15 
79 
27 
17 
18 
30 
50 
72 
88 
210 
50 
112 
67 
34 
45 
59 
23 
35 
43 
106 
24 
58 
33 
18 
25 
31 
11 
18 
10 
61 
20 
34 
13 
9 
20 
13 
5.7 
8.7 
5.0 
30 
10.3 
15.9 
6.0 
4.6 
10.4 
6.2 
7.2 
17 
1.7 
39 
10.5 
25 
7.0 
9.0 
7.9 
7.0 
3.4 
7.2 
0.85 
18.6 
5.2 
12.1 
3.5 
4.7 
3.8 
3.4 
690 
740 
870 
2320 
850 
2630 
970 
560 
550 
520 
Mean (0.2) (260) 620 330 75 40 79 40 21 10 13 6.3 1070 
•The 137Cs deposition in April was calculated from the 90Sr deposition in Table 4.2.1.2 
assuming the same mean 137Cs/90Sr as observed in May, i.e. 26.3. 
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Table 4.2.2.3. mm precipitation at the State Experiment«! firms in 1986 measured in the fallout collectors 
Location Jan-March April Nay 
until May 4 from May 5 
July-Aug Sept-Oct Nov-Dec 1986 
r 
Tylstrup 
Kai« 
Borris 
Askov 
St. Jyndevad _ 
Aarslev 
Tystofte 
Ledreborg 
Abed 
Bornholm 
Mean 
139 
' 96 
94 
117 
24 
13 
4 S 1 
51 ' 
31 < 
20 
24 
30 < 
34 ! 
45 
32 
>3 
)8 
53 
13 
>9 
14 
19 
14 
11 
11 
>0 
17 
18 
17 
20 
13 
16 
19 
12 
21 
36 
19 
129 
123 
158 
124 
9« 
68 
87 
89 
154 
140 
117 
103 
102 
1«1 
226 
»53 
122 
136 
92 
141 
88 
132 
148 
100 
226 
192 
197 
114 
76 
94 
80 
119 
135 
613 
533 
809 
795 
698 
470 
477 
457 
617 
553 
602 
Table 4.2.2.4. Radiocesium in precipitation collected at Ris« in 1986 
Jan 
Peb 
March 
Month 10 ni2 ion exchange sampler 1 n 2 rain sampler*' 
Bq 137C» m'2 Bq 137Cs m"3 Bq ,37Cs nT2 Bq 137Cs nT3 
} 
0.01 A 
0.OT9 
0.3 A 
0.74 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
1986 
0.48 
740 
28 
18.7 
4.4 
3.2 
2.4 
1.44 
1.25 
(0.55) 
(0.53) 
(0.52) 
(0.52) 
(0.51) 
(0.48) 
(0.47) 
(0.44) 
(0.45) 
18 
17900 
2060 
340 
134 
96 
41 
63 
13 
18(1(1 * 2030 
} 
} 
} 
760 
30 
19.2 
5.0 
0.48 
(0.57) 
(0.52) 
(0.50) 
(0.44) 
(0.59) 
«'july-Deci 0.23 m2 rain bottles 
Values in brackets ar<» the ratios: ,34Cs/,37Cs. 
tB15 
18500 
2100 
192 
48 
9.0 
* 1780 
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4.2.3. Short-lived y -emitters in precipitation 
The first rain at Risø after the Chernobyl accident occurred on 
May 7. In the followinq days rain was collected in the 1 m2 
rain collector and analysed for y-emitters (Table 4.2.3). In 
these early precipitation samples the mean ^ 1 I / 1 3 7 Q S
 w a s ^ 
(decay corrected to April 26). This ratio was higher than those 
found in air samples from Risø (cf. 4.1.3.1), probably reflect-
ing that rain retains more of the non-particulate iodine frac-
tion than glass fibre filters. There may, however, also have 
been an increase in the particulate '3'I/'^7Cs ratio with time 
as suggested from measurements of the air filters. 
Table 4.2.3. Early rain samples with Chernobyl debris collected 
7-10 May 
Zr-95 
Nb-95 
Ru-103 
Ru-106 
1-131 
Te-132 
Cs-134 
Cs-136 
Cs-137 
La-140 
Ce-141 
1986 at Risø 
7-8 May 
55 
59 
1900 
970 
2600 
1350 
260 
81 
490 
250 
46 
mm precipitation 
4. 
A 
2 
(Bq m"2) 
8 May 
5.9 
250 
113 
640 
250 
48 
15 
86 
35 
2.9 
9 May 
61 
210 
32 
13.9 
23 
10.6 
2.1 
10 May 
49 
98 
43 
35 
73 
9.0 
5.0 
£ 
on April 26, 
1986 
2760 
9530 
18700 
357 
672 
560 
14.2 
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500 
£00 
7 300 
£ 
ro 
O* 
CD 
200 
100 
I I I | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I | I I I ! I I I I I 
Precipitation at Risø 
April - June 1986 
• 1 1 1 1 1 1 1 1 
27 1 5 
APRIL 
i n n in 
„ i . 10 15 20 25 30 1 5 10 
MAY JUNE 
Fig. 4.2.2.4. Cesium-137 in precipitation at Risø in May-June 1986-
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The 1J2Te/131I (on 26 April) was 2.0 in the above-mentioned 
early precipitation samples. This was somewhat higher than the 
ratio found in air samples from Risø, but not incompatible with 
Finnish deposition measurements33). 
A comparison between the yearly amounts of precipitation found 
in the rain gauges used by the Danish Meteorological Institute**) 
and the amounts collected in our rain bottles at the same ten 
locations in 1986 showed a mean ratio of 1.06*0.09 (1 S.D.) be-
tween the two sampling systems. 
The washout ratios (Bq m3 rain/yBq m3 air) calculated for Risø 
was 60.5/28.6 = 2.1 for 90Sr and 1905/1340 = 1.42 for 137Cs 
(Table 4.2.6). These values were somewhat higher than the usual-
ly observed washout ratio of 1.02^) perhaps suggesting a more 
efficient washout of Chernobyl debris than of global fallout. 
4.2.4. Tritium in precipitation 
Despite the Chernobyl accident, tho tritium content of rain-
water collected at Risø in 1986 (cf. Table 4.2.8.) was lower by 
nearly a factor of 2, than in 1985. 
Table 4.2.9 shows the tritium concentrations in rain-water from 
three other locations in Denmark. Compared with Risø the average 
concentration for these three stations was aporox. 3 times lower 
than that from Risø. The concentrations from Bornholm were higher 
than those at the stations in Jutland. As earlier mentioned 
(Risø-R-4871)) this may reflect the five times higher tritium 
concentrations ir. the Baltic Sea as compared with those in the 
North Sea (cf. Eq. 4.4). There may be a small tritium contribu-
tion from the Chernobyl accident, however, enhanced levels in 
April-July have also been observed in earlier years and may re-
flect global fallout tritium coming from the stratosphere. 
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Table 4.2.8. Tritium in precipitation collected at Ris« in 1986 
1 m2 rain collector 10 m2 rain collector 
• 
Honth 
kBq m~3 kBq m~z kBq m~J kBo n~* 
Jan 
Feb 
Harch 
A p r i l 
29 /4 -
9 / 5 -
" • y 
June 
Ju ly 
Aug 
Sept 
Oct 
Nov 
Dec 
9 / 5 
1/6 
0 .03« 
0 
0 .033 
0.02S 
0 .009 
0 .032 
0 .041 
0 .014 
0 .055 
0.033 
0 .033 
0 .059 
0 .031 
0 .038 
4 . 6 ' 0 . 5 
-
0 .9 0 .1 
1.8 0 .2 
-
-
2.4 0 .3 
3 . 4 ' 0 . 1 
1 . 6 ' 0 . 2 
2 . 6 ' 0 . 1 
6 . 2 0 . 3 
0 . 7 ' 0 . 3 
3.1 0 .2 
1 .4 *0 .0 
0 .175 
-
0 .030 
0 .045 
-
-
0 .098 
0 .048 
0 .088 
0 .086 
0 .20 
0 .041 
0 .096 
0 .053 
2 . 5 ^ 0 . 2 
-
-
1.0 0 . 0 
9 .0 0 .0 
3 .0 -0.1 
1.6 0 .1 
7 .1 0 .0 
1.6 -0.2 
1 1 . 2 ' 0 . 7 
19 .1 ' 0 . 1 
3 . 3 ' 0 . 2 
1.6 =0.0 
0 .7 0 .1 
O.095 
-
-
0 .025 
O.081 
0 .096 
0 .066 
0 .099 
O.088 
0 . 3 7 
C.63 
0 .195 
0 .050 
0 .027 
1986 10.400 x 2.2 10.866 x4.2 I 1.675 
The error term is 1 S.E. of the mean of double determinations. 
Table 4.2.9. Tritium in precipitation collected in 
Denmark in 1986. (Unit: kBq m'3) 
Date Tylstrup Jyndevad Bornholm 
January 
February 
Harch 
A p r i l 
Hay 
June 
Ju ly 
August 
September 
October 
November 
December 
B .D .L . 
-
B . D . L . 
4 . 2 - 0 . 2 
1 . 2 - 0 . 0 
2 . 2 0 . 1 
1 .6=0.3 
1 .4=0.3 
B . D . L . 
B .D .L . 
B .D .L . 
B . D . L . 
0 . 9 - 0 . 5 
-
B.D.L . 
3 .0=0 .1 
1 . 4 - 0 . 0 
2 . 9 = 0 . 0 
1 .7 *0 .1 
1 .4=0.1 
B .D .L . 
B .D .L . 
2 . 6 ' 0 . 2 
B.D.L . 
0 . 9 - 0 . 2 
-
1 .0=0 .1 
0 . 9 = 0 . 3 
2 .0 0 .1 
2 . 6 = 0 . 1 
2 . 4 = 0 . 2 
1.2 = 0 .2 
1 .1=0.1 
I .O 'O.O 
1 . 8 - 0 . 6 
B.D.L . 
PrecipJ'ition 
weighted mean 0.7 !.i 1.2 
The error term is 1 S.E. of the mean of double 
determinations. 
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4»3. Fresh water 
4.3.1. Radionuclides in ground water 
As in previous years1), ground water was collected from the 
nine locations selected by the Geological Survey of Denmark. 
Figure 4.3.1.1 shows the sample locations and Table 4.3.1 the 
results of the 90Sr, and tritium, analyses. 
1C°E 12°E 
10°E 12°E 15°E 
Fig. 4.3.1.1. Ground water sampling locations in Denmark. 
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Table 4.3.1. Radionuclides in ground water collected in 1986 
Location Date Bq 90Sr m~3 kq Ca m"3 kBq 3H m 
Hvidsten 
Peldbak 
Rømø 
Rønne new 
Rønne old 
Hasselø 
Fåretofte 
Kalundborg 
Ravnholt 
Fredericia 
March 
H 
It 
22/5 
22/5 
March 
« 
m 
a 
H 
0.034 
57 
0.36 
0.012 
0.072 
0.113 
0.048 
0.43 
0.134 
0.26 
B 
B 
A 
B 
0.070 
0.035 
0.033 
0.023 
0.019 
0.056 
0.126 
0.023 
0.100 
0.069 
B.D.L. 
1.1*0.2 
B.D.L. 
B.D.L. 
B.D.L. 
B.D.L. 
4.2*0.3 
1.1±0.3 
2.8*0.0 
1.4 to.3 
Geometric mean 
Median 
0.0<)8* 
0.124 
0.055** 
0.046 
1.0** 
0.6 
A sample of ground water from Maqlekilde in Roskilde 
contained 1.50 Bq 90Sr m"3/ 3.1«0.3 kBq 3H m~3 
and 0.094 kg Ca m"*3. 
* Peldbak was not included in the geometric mean. 
••Arithmetic mean. 
The error term is 1 S.E. of the mean of double determinations. 
The median level of 90Sr in 1986 was compatible with the values 
found since 1967 (cf. Piq. 4.3.1.2). 
The tritium concentrations in 1986 were a little lower than tho 
1985 levels. The tritium content of ground water has been de-
creasing since 1977. 
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As appears from Fig. 4.3.1.3, the 90Sr levels in ground water 
from Feldbak have been in the order of 50-100 Bq m~3 in later 
years. The arithmetic mean of 90Sr in Danish ground water in 
1986 (excluding Feldbak and including Naglekilde) was 0.30 Bq 
m~3. The predicted mean (cf. Appendix C.1) was 0.28 Bq m"3. 
15 
<? 1.0 -
So.0.5 k 
CD 
0.0 
I I I I I I I I 1 I I I I I I I I I I M I I M I I I I I I I I I 
'O O 
OO n O O 
i i i i i i i i i i i i i i i i i i i P P P ' P i i i • 
65 70 75 80 85 90 95 
YEAR 
90 Fig. 4 . 3 . 1 . 2 . Median *uSr leve l s in Danish ground water, 1961-1986. 
100 -
m 
o 
o> 
§ 50 
65 70 75 80 85 90 95 
YEAR 
Fig. 4 . 3 . 1 . 3 . Strontium-90 in ground water at Feldbak 1961-1986. 
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4.3.2. Strontium-90, radiocesium and tritium in fresh water fron 
Danish lakes and streams 
The mean levels in 1986 were 9.7 Bg 90Sr m-3 in streams and 27.7 
Bq 90Sr m~3 in lakes. The levels in lakes in 1986 were 78% higher 
than in i985, and streams were 8% higher (Tables 4.3.2.1 and 
4.3.2.2). 
10°E 12° E 
57° N 
56°N 
55°N -
57°N 
56°N 
55°N 
55°N 
10° E 12°E 15°E 
Fig. 4.3.2.1. Sample locations for fresh water from Danish 
streams (&) and lakes (sø). 
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Table 4.3.2.1. Strontium-90 in Danish stream water collected 
in 1986. 
Stream 
Bangsbo å 
Gudenå 
Skjern å 
Ribe å 
Odense å 
Suså 
Halsted å 
Læs å 
Mean 
Relative S.E. 
Date 
June 11 
May 27 
May 28 
May 28 
June 3 
May 21 
June 4 
May 23 
Bq 9<>Sr H-3 
7.4 
12.4 
9.5 
9.5 
9.8 
15.6 
14.5 
17.6 
12.0 
10% 
Date 
Oct 14 
Oct 14 
Oct 15 
Oct 2 
Oct 1 
Oct 17 
Oct 2 
-
Bq 9°Sr m-3 
7.3 
5.6 
8.2 
4.1 
4.1 
13.0 
9.5 
-
7.4 
16% 
Two samplings were carried out in 1986, one in May-June and one 
in October. From the first to the second sampling the 90Sr levels 
in streams decreased by a factor of 1.7+0.60 (N=7; +1 S.D.) and 
in the lakes the factor was 1.5*1.0 (N=7; +1 S.D.). The relative 
standard deviation was greater for the lakes than the streams. 
Some lakes actually increased in 90Sr concentrations from June 
to October. 
In case of 137Cs (Tables 4.3.2.3 and 4.3.2.4) the mean level in 
streams was 18 Bq m"3 and in lakes we found 66 Bo m"3. The 134Cs/ 
137Cs ratios suggest that all 137Cs found in Danish streams and 
lakes in 1986 was coming from the Chernobyl accident. 
From the first to the second sampling the stream waters 137Cs 
content decreased by a factor of 4.8+1.34 (N»6;+1 S.D.), while 
lakes decreased by a factor of 2.8+0.95 (N*7; +1 S.D.). 
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Hence the decrease in ^ 7 C s concentrations was more rapid than 
that of 90Sr. Streams showed a more rapid decrease than lakes. 
The difference between 90Sr and 137Cs is due to the preferential 
absorption and sedimentation of radiocesium by particulates 
(and organisms) in the water. 
The tritium contents were not significantly different from those 
observed in 1985. We may thus conclude that the Chernobyl ac-
cident did not contribute significantly to the tritium levels 
in Danish streams and lakes in 7986. 
Appendix CI shows that the observed level in streams is 0.77 
times the predicted, and in the case of lakewater the observed 
mean concentration is 2.9 times that predicted. 
Table 4.3.2.2. Strontium-90 in Danish lake water collected 
in 1986. 
Lake 
Norssø 
Mosso 
Flyndersø 
Hostrupsø 
Arreskovs« 
Arresø 
Søndersø 
Almindingen sø 
Mean 
Date 
June 
June 
June 
June 
June 
June 
June 
May 2 
11 
11 
11 
10 
12 
9 
4 
!2 
Ba *°Sr m"3 
47 
13 
22 
55 
34 
22 
24 
26 
30 
Date 
Oct 14 
Oct 16 
Oct 15 
Oct 2 
Oct 1 
Oct 13 
Oct 3 
Bq 9°Sr in"3 
38 
14 
19 
56 
18 
23 
6.6 
-
25 
Relative S.E. 16« 24« 
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Fig. 4 . 3 . 2 . 2 . Strontium-90 concentrations (±1 S.K.) in 
8 Danish Streams and 8 Danish lakes co l l ec ted every secona 
year since 1971. 
Table 4.3.2.3. Radiocesium in Danish stream water col lected in 1986 
Stream 
Bangsbo å 
Gudenå 
Skjern A 
Ribe a 
Odense h 
SusA 
Halsted A 
LAS h 
Mean 
Relative S 
Date 
June 11 
May 27 
May 28 
May 28 
June 3 
May 21 
June 4 
May 23 
.?.. 
Bq 137CS m~3 
6.4 
53 
25 
37 
37 
44 
IS 
12 
29 
21% 
A 
134Cs/137Cs 
-
0.56 
0.S9 
0.64 
0.60 
0.5R 
0.S8 
0.60 
0.61 
3% 
Date 
Oct 14 
Oct 14 
Oct 15 
Oct 2 
Oct 1 
Oct 17 
Oct 2 
-
Bq 137CS a"
3 
B.D.L. 
8.3 
4.2 A 
7.6 
14.0 
m.o 
3.1 B 
7.9 
21% 
134Cs/137Cs 
-
0.55 A 
-
0.44 B 
0.S1 A 
0.52 A 
-
-
0.51 
5» 
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Table 4.3.2.4 Radiocesium in Danish lake water collected in 1986 
Lake 
Norssa 
Moss« 
Flynders« 
Hostrups« 
Arreskovs« 
Arresø 
Sandersø 
Date 
June 
June 
June 
June 
June 
June 
June 
11 
r 
ti 
10 
12 
9 
4 
Bq 1 ^ C s ni"3 
145 
42 
130 
108 
32 
76 
143 
134 C s /137 C s 
0.54 
0.6ft 
P.51 
0.55 
0.44 
0.55 
0.53 
Date 
Oct 14 
Oct 16 
Oct 15 
Oct 7 
Oct 1 
Oct 13 
Oct 3 
Bq '"cs m-3 
97 
1« 
38 
34 
3.3 
40 
38 
134 C s /137 C s 
0.47 
0.36 A 
0.56 
0.48 
0.60 B 
0.51 
0.53 
Almindingen 
f» May 22 
Mean 
61 
Relative S.E, 
92 
17% 
0.51 
0.54 
4% 
39 
27% 
0.50 
6% 
Table 4.3.2.5. Tritium in Danish stream water collected in 1986 
Stream 
Bangsbo k 
Gudenå 
Skjern å 
Ribe & 
Odense å 
Suså 
Halsted i 
Las å 
Mean 
Date 
June 11 
May 2" 
May 28 
Nay 28 
June 3 
May 21 
June 4 
May 23 
kBq 3H m~3 
1.8+0.1 
2.4^0.3 
2.3+0.1 
0.8*0.3 
1.2+0.0 
1.7+0.1 
0.9+0.3 
2.HO.0 
.65 
Date 
Oct 14 
Oct 14 
Oct 15 
Oct 2 
Oct 1 
Oct 17 
Oct 2 
kBq 3H m~3 
2.2+0.1 
1.7±0,1 
1.7±0.0 
1.5*0.1 
1.4*0.2 
1,7*0.1 
1.5 tO. 1 
1.67 
Relative S.Z. 13« 6« 
The error term is 1 S.E. of the mean of double determinations. 
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Table 4.3.2.6. Tritium in Danish lake water collected in 1986 
Lake Date kBq 3H m-3 Date kBq 3H m - 3 
Norssø 
Mosso 
Flyndersø 
Hostrups« 
Arreskovs« 
Arresø 
Søndersø 
Almindingen sø 
June 
June 
June 
June 
June 
June 
June 
11 
11 
11 
10 
12 
9 
4 
May 22 
1.2^0.0 
1.3±0.0 
1.3±0.1 
1.2+0.3 
1.0±0.2 
1.6+0.1 
1.4+0.1 
1.7+0.2 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
-
14 
16 
15 
2 
1 
13 
3 
1.6+0.2 
1.5+0.3 
1.3+0.1 
B.D.L. 
B.D.L. 
1.8+0.2 
1.8+0.3 
-
Mean 
Relative 
The error 
S.E. 
term is 1 S. ,E. 
1.34 
61 
of the mean of double determii 
1.1 
27* 
nations. 
4.3.3. Radionuclides in Danish drinking water 
The ^usr and tritium concentrations were lower than those in 
1985 when drinkinq water was examined last time. Cesium-137 has 
not earlier been determined in drinking water. Chernobyl re-
sulted in measurable levels, but the concentrations were very 
lc*. We assume that the levels found either were due to con-
tamination durinq tiie sampling or due to a content of surface 
water. 
The median 90Sr level was 2-3 times hiqher in drinkinq water 
than in qround water and the arithmetric mean was 1.8 times 
hiqher. The tritium mean level in drinking water was not sig-
nificantly different from that in ground water. 
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Table 4.3.3. Strontium-90, Cesium-137 and tritium in drinking water collected 
in June 1986 
Zone Bq 903r m"3 Bo 137Cs m~3 kBq 3H m-3 kg Ca m-3 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
Mean 
Risø 
N. Jutland 
E. Jutland 
W. Jutland 
S. Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
Median of zones 
The error term is 1 S.5. 
0.37 
0.21 
0.95 
0 B 
0.1 A 
0.05 B 
0.07 B 
0.54 
0.29 
0.14 A 
0. 14 
of the mean 
0.52 
0.25 B 
0.03 B 
0.37 A 
0.61 
2.47 
0.62 
0.06 B 
0.62 
0.11 B 
0.45 
1.1+3.2 
B.D.L. 
B.D.L. 
B.D.L. 
B.D.L. 
B.D.L. 
B.D.L. 
1.5+0.1 
0.3 
-
B.D.L. 
of double determinations. 
0.060 
0.092 
0.055 
0.081 
0.103 
0.091 
0.110 
0.074 
0.063 
0.125 
0.086 
4.4. Radionuclides in sea water in 1986 
As in previous years, sea water samples were collected by M/S 
Fyrholm from inner Danish waters (cf. Tables 4.4.1-4.4.4 and 
Pigs. 4.4.1, 4.4.2 and 4.4.3). Furthermore, sea water samples 
were collected at Barseback in the Sound, and at Ringhals in 
the Katteqat (Table 4.4.5). Samples were obtained from the 
research vessel DANA, which in 1986 have collected samples 
from the Danish straits as well as from the North and the 
Baltic Seas (Table 4.4.5). The research vessel GAUSS from the 
German Hydrographic Institute in Hamburg, hosted us on a cruise 
to the Baltic Sea in Oct 1986. (Table 4.4.5.) 
The Chernobyl debris was not detectable in the surface water 
samples collected in the German Bight during the DANA 4 cruise 
at 29-30 April 1986. (Table 4.4.5) This observation is in 
aggrement with the distribution of the first radioactive cloud 
over Denmark from Chernobyl (Fig. 4.1,2.5). 
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Fig. 4.4.1. Strontium-90 in surface sea water from inner Danish 
waters, 1962-1386. (1 S.D. indicated) (from Table 4.4.1). 
In the samples collected around Zealand in May (table 4.4.1) 
137Cs from Chernobyl amounted to 86% of the total *37Cs activity 
in the surface water, but only to 29* of the *37Cs found in 
bottom water. At four stations no Chernobyl had yet showed 
up in the bottom water. 
An extra sampling was made in August 1986 (Table 4.4.2). At that 
time 80% of the 137Cs in surface water was from Chernobyl and 
69% of the ^37Cs in bottom water. 
In Nov 1986 (Table 4.4.3) 72% of the 137Cs in surface water and 
68% in bottom water came from Chernobyl. We may conclude that it 
took approximately half a year before the Chernobyl radiocesium 
had become totally mixed in the water column of the Danish 
Straits. 
We may furthermore conclude that Chernobyl tripled the 137Cs 
inventory in the Danish Straits found prior to the accident 
(Fig. 4.4.2). 
Tables 4.4.1 and 4.4.3 and Fig. 4.4.1 furthermore show that 
Chernobyl did not contribute measurable to the 90Sr concen-
trations in Danish sea water. 
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The perturbation from Chernobyl has made it impossible to 
continue the validation of the model for transfer of radio-
cesium from Sellafield to the Danish Straits {cf. Risø-R-540 
Pig. 4.4.6) D . It has also become meaningless to relate the 
137Cs activities in the Danish Straits to the salinity (cf. 
Risø-R-540 p. 57-59)1>. 
Table 4.4.5 shows that the mean 137Cs concentration in the 
central North Sea (~54°-59°N and ~ 0°-8°E) in February was 
47+26 Bg m~3 ( + 1 SD; N=11) - In June we found: 104*18 (+1 SD; 
N=7). The 134Cs/137Cs in the June sampling suagested that 35% 
of the 137Cs at that time should have come from Chernobyl. The 
increase from February to June was however qreater probably 
because the 137Cs from Sellafield (and La Hague) is unevenly 
distributed, and as the two samplings did not cover exactly 
the same areas we may get a discrepancy. 
The monthly samples collected at Klint (table 4.4.5) represent 
surface water in the southern Cattegat. Prom June to December 
the concentration of ^37Cs decreased by a factor of 2 and 
the contribution of Chernobyl 137Cs changed from 99% to 74% 
reflecting the vertical mixing of the activity. 
I I I I I 1 I I I I I I I I I I I I I I I I I 
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Fig. 4.4.2. Ceslum-137 in surface and bottom water collected 
in inner Danish waters 1972-1986. 
OU 
• 
E 
f 
a-
m 
100 
50 
- 97 -
In the German Bight the mean 137Cs in April 1986 was 22.6+6.0 
(+1 SD; N=10). Half a year la ter in October we found 60+28 (+ 1 
SD; N=8) The 1 J 4 Cs/ l 3 7 Cs at the two samplings was 0.076+0.050 
and 0.28+0.12 respect ive ly . In April the 1 3*Cs/1 3 7Cs indicated 
La Hague radiocesium, but in October the Chernobyl s ignal was 
evident . If we assume that the "pre-Chernobyl" radiocesium 
56°N 56°N 
30' 
55°N 
30' — 
55°N 
11°E 12°E 13°E 
Fig. 4.4.3. Sea water locations around Zealand. 
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Tab!a 4 . 4 . 1 . Rariionucl i las i n s»a water c o l l e c t * ! arounJ : « i U » l in Hay 194« 
Oat« in p o s i t i o n 
l o c a t i o n »lay Depth 9 0 * r 137 C 5 , j 4 C a / S a l i n i t y 
N E in m l)q n - J Bq a - ' ' ^ ' c s o /oo 
K u i l e n 
• 
H*Sft*L« 
• 
K a t t e g a t SH 
• 
A*n»s rev 
• • 
Hal skov rev 
« m 
Langeland t w i t 
* * 
Feaern o e l t 
• » 
Gedser odd« 
* • 
Haen 
i* 
The Sound -
* * 
The Sound -
i* * 
The Sound -
m p 
South 
* 
worth A 
* 
North a 
* 
J I 
29 
29 
29 
29 
29 
30 
30 
30 
30 
31 
31 
5*°15" 
5«<»10' 
56*07• 
S5»39' 
55»2J ' 
54»52 ' 
54»36* 
54029' 
54»57 ' 
55 °25 ' 
S 5 0 « ' 
5 5 3 5 9 ' 
! J ° W 
l l ° 4 7 ' 
I1O10' 
10O4«' 
11O03* 
10°S0' 
I 1 ° 0 4 ' 
110S9* 
12<>41' 
12°36 ' 
12°44 ' 
12"42* 
2 
2S 
2 
23 
2 
34 
2 
41 
2 
24 
2 
19 
2 
25 
2 
17 
2 
21 
2 
13 
2 
14 
2 
26 
21 
-
19 
-
22 
-
25 
-
24 
-
24, 
-
21 , 
-
20, 
1ft, 
IS, 
16, 
13, 
13, 
21 , 
-
20. 
.7 
.« 
.9 
.2 
.» 
.* 
.4 
.2 
.1 
.4 
.9 
.6 
,6 
.4 
,4 
-
15* 
49 
140 
40 
IS« 
41 
157 
40 
173 
43 
ia«i 
61 
243 
73 
55 
3« 
89 
104 
54 
124 
147 
46 
57 
51 
0. 
0. 
0. 
0 
0, 
0 
0. 
0. 
0, 
0 
0, 
0. 
0. 
0. 
0 . 
0. 
0. 
0. 
0. 
0. 
0 . 
n. 
0 . 
0 
.4« 
• 07 
.43 
.45 
.46 
.0« 
.43 
.44 
.24 
.51 
.29 
.37 
.12 
.45 
48 
45 
.39 
,45 
14 
47 
1« 
34 
14 
34 
14 
34 
17 
33 
17 
3 J 
14, 
31 
14. 
29 
a. 
24, 
4. 
to, 
8, 
14. 
17, 
33, 
19, 
?>• 
.7 
.2 
.7 
.5 
.6 
.1 
.7 
.7 
.6 
.1 
.4 
.0 
.3 
.3 
.3 
.2 
.') 
.0 
.2 
.4 
.7 
.4 
.4 
5 
M««n Surface 21.2 141 0 .45 15.1 
S.D. 3.2 54 0 .03 4 . 5 
S.B. 0 .9 15 0 .01 1.3 
H**n iyitto.il 15.5 59 0 .15 28.«« 
S.f) . 1.7 2* 0 .16 i j .3 
3 .B . 1.0 8 0 .05 2 .4 
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Table 4.4.2. Wadionuclides in saa nater collect*! around Zaalanl in August 1986 
Position 
Location Data 
in Auq. 
Depth 
in * »i •-
134Cs/ 
Mean 
S.D. 
S.B. 
Salinity 
o/oa 
Kulian 
• 
»esse le 
• 
Kattegat SM 
* 
A S M S rev 
m m 
Halskov rav 
• * 
Lanqalan-i bait 
m m 
Fcaarn bait 
It * 
Gcdstr odde 
m m 
H»tn 
m 
Th« Sound -
• • 
Th* Sound -
• « 
Th« Sound -
• it 
South 
• 
North A 
* 
North B 
• 
25 
25 
27 
27 
26 
26 
26 
26 
26 
25 
25 
25 
54.015' 
SaoiO* 
56O07' 
55°3»' 
55021* 
S4"52' 
54« 16« 
54028' 
54057 • 
55025* 
55049' 
55°59' 
12°25' 
11»47• 
11O10' 
I0°46* 
I1°03" 
10OV)' 
11O04' 
IIO59' 
12°41' 
12036« 
12044' 
12°42' 
2 
23 
2 
24 
2 
38 
2 
31 
2 
23 
2 
34 
2 
26 
2 
17 
2 
22 
2 
16 
2 
19 
2 
27 
10« 
77 
115 
•0 
101 
»5 
86 
77 
95 
91 
100 
95 
111 
103 
42 
98 
41 
68 
42 
43 
72 
r.o 
81 
66 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.38 
.27 
.37 
.34 
.43 
.36 
.41 
.33 
.38 
.38 
.43 
.34 
.37 
.35 
.38 
.38 
.39 
.35 
.32 
.28 
.35 
.38 
.43 
.29 
18. 
31. 
19, 
31, 
14. 
30. 
19, 
28. 
14, 
26, 
17, 
25, 
13. 
22, 
8, 
.8 
7, 
11 
8, 
8, 
14, 
24 
17, 
31, 
.5 
.7 
.5 
.8 
>7 
.0 
.4 
.7 
.7 
.2 
.2 
.3 
.4 
.9 
.7 
.2 
.9 
.1 
.2 
.8 
.9 
.9 
.6 
.8 
Surface 83 
28 
9 
0.39 
0.03 
0.01 
14.6 
4.3 
1.2 
Mean 
S.D. 
s.e. 
Bottom 81 
17 
5 
0. )4 
0.04 
o.ni 
24.3 
7.8 
2.3 
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Table 4.4.3. Badioniiclides in see water collect«* around Zealand in Noveneer 1984 
location 
Asaas rav 
rtalskov rav 
Gedser odde 
Date 
in Nov. 
Position 
N E 
Depth *°Sr 
in • sq m~] 
137c-
•qo-J 
17 55°39" 10°46' 2 
43 1«.4 
•7 
•9 
17 55°23' 11°03' 7« 
28 5402»1 11°59 50 
137CS 
0.34 
0.?i 
0.33 
0.33 
salinity 
o/oo 
tullen 
* 
•esselo 
• 
•etteeat 
m 
SH 
19 
17 
17 
5«°15* 
W M O ' 
5*°07' 
I2°2S' 
11°4T 
11°10' 
2 
24 
2 
24 
2 
3i 
27. 
15. 
15. 
.2 
.7 
.3 
49 
95 
•4 
93 
94 
97 
0. 
0. 
0. 
0. 
0. 
0. 
.32 
.27 
.32 
.29 
.29 
31 
12. 
32. 
22. 
2«. 
23. 
27. 
.0 
.0 
.0 
.8 
.4 
• 
20.2 
2«.7 
14.0 
• 
m 
Vnqtlmnd bait 
• 
Pettrn 
• 
m 
bait 
• 
10 
IS 
S4°52' 
S4°3«' 
10°50" 
11O04' 
23 
2 
31 
2 
32 
1«. 
25. 
.1 
.0 
•0 
•2 
•• 
70 
91 
0. 
0. 
0. 
0. 
0. 
.31 
.35 
.35 
.35 
.34 
ia. 
15. 
17. 
14. 
22. 
.5 
.• 
.2 
.0 
.0 
12.2 
28 54°57' 12°41' 19.5 40 
Hem 
S.D. 
S.E. 
Surface 22.5 
4.3 
2.1 
64 
20 
6 
Mean 
S.D. 
S.E. 
0.31 
0.33 
0.02 
0.01 
Bottom 16.6 97 0.31 
1.2 14 0.03 
0.5 4 0.01 
9.6 
The Sound 
• m 
The Sound 
• m 
The Sound 
m m 
- South 
W 
- North 
m 
- North 
m 
A 
B 
18 
19 
19 
55°25' 
55°48' 
SS°W 
12°36* 
12°44" 
12°42' 
2 
14 
2 
18 
2 
26 
17. 
IB, 
.5 
.3 
51 
51 
41 
95 
41 
93 
0. 
0. 
0. 
0. 
0. 
0. 
.30 
32 
.33 
.28 
.34 
,27 
12. 
12. 
10, 
30. 
10. 
31. 
.3 
.3 
.1 
.8 
.4 
,6 
14.8 
4.7 
1.4 
24.8 
6.9 
2.2 
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Taole 4 . 4 . 4 . T r i t i t M ia se« »tater collected around U t l w l i» IMC («n i t : k*q • 
Location 
K'il le« 
ta 
Hessel« 
* 
Kattegat M 
Jtsnes rev 
• a* 
M l Skov rev 
a> • 
L4W»9«l«wia belt 
m m 
r t M r n belt 
• • 
Gedser odde 
Møen 
• 
The sound -
* • 
The Sound -
The Sound -
• • 
South 
• 
North A 
• 
North B 
m 
•os i t 
N 
54°1S' 
5**10' 
54°07' 
5 S ° W 
55°23' 
S4°S2' 
54*3«' 
54*29' 
54*57' 
55*25' 
55*48' 
55*59' 
ion 
E 
12*25' 
11*47' 
11*10' 
10*4«' 
n*c3' 
10°50" 
11*04' 
11*59' 
12*41' 
12*3«' 
.2*44' 
12042' 
Depth 
in M 
24 
21 
14 
41 
24 
1 * 
2S 
17 
21 
1) 
18 
29 
**r 
4.0:0 .0 
2.0*0.0 
l . * *0 .4 
2.7*0.3 
2 .7*0.1 
O.D.L. 
1.9*0.4 
a.o.L. 
1.9*0.7 
O.D.L. 
1.1*0.2 
9.O.L. 
1.1*0.1 
1.0*0.3 
4 . » 0 . 5 
1.9*0.1 
5.1*0.5 
4.0*0.1 
4.7* 1.0 
5.4*0.0 
5.7*0.« 
1 .H0.1 
2.1*0.0 
1.8*0.1 
•tOS 
-
2.710.1 
2 . « 0.8 
2.4*0.1 
1.4*0.2 
1.4*0.2 
2.2*0.1 
1.2*0.2 
1.3*0.1 
1.2*0.2 
1.0*0.2 
1.0*0.0 
1.9*0.1 
4.1*0.0 
4.3*0.4 
5.0*0.1 
1.1« 0.« 
1.3*0.5 
4.1*0.3 
Mean 
S.D. 
S.B. 
Sur face 
Bottom 
3.« 
1.2 
0.3 
1.7 
1.7 
0 .5 
3.2 
1.0 
0 .3 
2 .6 
1.1 
0 .3 
Mean 
S.o, 
S.E. 
The salinities are shown in tables 4.4.1 - 4.4.3 
The error ter* ia ' 1 S.e. of the mnan of double 1eterjin4tiona. 
- 102 -
vatar collect«** in ( M Oaaisk Straits, tlw Marta 
tao B a l t i c * • * • i a 
Locatlon/Cntlo* 
Barth Soa/Boaa I 
Ba l t ic Saa/Oana 2 
m m m 
• » » 
Danisn Stra i ts /Dana 
• m m 
• • • 
• • m 
» m m 
Coraan Bight/Dan« 4 
f m m 
9 « • 
• M l * 
* m m 
w m m 
• » m 
I M t . 
Baa 
» 1 » W 
S7»44" 
s o * « ' 
sf°40a 
S7°3B' 
5S«1 . ' 
»•»2a' 
S*»14' 
57005' 
50°0?* 
SS'O«' 
55°f0* 
53°22' 
55°51* 
1 54°14* 
5*059' 
57022« 
57°32' 
57°40' 
5S°00' 
5S°00' 
55°00• 
j jooo' 
5So00' 
i3°if 
5 4 ° 0 f 
i t i o a 
• or H 
f»'t 
S»1«'E 
4°S«'T 
2°S0'E 
2°12'E 
O » I 7 ' E 
4°3* 'E 
5°J1'E 
70J3>» 
3 ° 3 0 ' E 
t °N ' t 
I S 0 * « ' * 
n°37 ,e 
H ° 2 2 ' » 
i 2 ° 2 i , r 
12°02'E 
io°4« ,r 
l , 0 3 1 ' E 
10°52'E 
•^»»•E 
7°5»*E 
7036'B 
7®I3'E 
*°50'E 
*°50'e 
*«>50E 
oat* 
20/2 
19/2 
19/2 
IB/2 
IS/2 
M / 2 
10/2 
0 /2 
«/2 
l » / 2 
10/2 
»«VJ 
1«/3 
««/3 
21/3 
21/3 
21/3 
21/3 
22/3 
»V4 
29/4 
2»/4 
20/4 
29/4 
29/4 
29/4 
tooth 
i a • 
B 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ft 
S a l i n i t y 
o/oo 
35.0 
IS .2 
35.2 
JS.3 
33.4 
J4.7 
34.« 
34.5 
35.1 
34.S 
14.5 
7.6 
7.0 
7.5 
9.3 
14.0 
14.0 
17.4 
30.0 
30.6 
3«.5 
32.0 
33.0 
34.2 
31.a 
32.4 
• f s r 
Ba o - J 
-
-
-
-
-
7.17 
-
-
-
7.90 
-
10.7 
-
-
-
25.* 
-
-
-
-
20.0 
-
22.0 
-
20.0 
. 
1 3 7 « 
BO • " > 
30.4 
27.« 
25.9 
11.0 
5J-0 
»0.2 
09.2 
»0.3 
30.4 
3B.1 
41.9 
11.9 
12.7 
13.1 
14.2 
24.2 
19.2 
24.0 
35.2 
15.7 
f» .7 
19.0 
19.9 
35.6 
21.6 
10.4 
, J
* C » / 
' 
B.43IB 
-
-
-
B.037 
0.033a 
-
0.03BB 
0.039 
0 .070* 
-
-
-
-
-
-
-
-
0.040A 
-
-
0.004 
0.064A 
0.145 
0.124 
BO • " » 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
. 
- . - . - . 
BBL 
BBL 
BBL 
BOL 
BOL 
BBL 
BBL 
BDL 
SOL 
BDL 
BOL 
4 .5 *0 .2 
4 .4 *0 .4 
4 .6*0 .0 
-
-
-
-
-
-
-
-
-
-
-
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TaMa «-«-? Omtl iwKl 
Kca t toaycra iaa 
• a a i t i a * 
• i a a t / i 
nat* Depth S a l i a i t y * • « - " 7 C » " * C » / **Tc *N 
E or M i « « o/oo * 1 a~ • ) «-•* ' 1TCs *k| • " ' k«q • " J 
« 54»12' 7 * 2 U »0/4 
54»20' «05aaE JO/4 
S4«11' » » M ' t M / 4 
12.« t*.2 22.2 0.114 
)).* - 22.7 1.144 
11.4 12.T t0.4 4.MJ 
55*45" I2«5J,B JO/J 2.S 1*.7 22.1 147 0.44 
19 J2.4 - 44.4 O.IID 
2.7««.2 
1.0*0.4 
—canal« cast S5C0S' 1J<»09e 2 2 / * 19.5 JO.4 8.29 
RinaiMls 
Laaa 
La*« 
Anholt 
• • • • • l a 
H M M l a 
R is* 
M ° 4 0 ' I2°0«'E 10/4 47 J4.4 
57»IS' 12°04'E 1 1 / * 2.5 14.7 
20 J2.4 
570|»- l|9fl7'E 1 1 / * 2 . * 24.7 
57O10« løosc'e 1 1 / * 0.5 1«.« 
57*20' 11»24'E 1 1 / * »2 J4.0 
5 * ° 4 1 ' IIOJO'E 12/* 2.S 19.2 
M<>12' I1°42'E 12/t 2.5 14.1 
5*0,o« MOO'E , j / » 2 / J4.1 
55°42* 12*0* 'e 12/5 2.5 11.1 
12.0 J4.4 9 
14: 0.47 
0* O.JJ 
1«.5 115 0.44 
141 0.45 
I I . ( 52.5 0.15 
1J0 0.4« 
JJ.J 1J5 0.45 
34.9 O 
13.« 207 0.4* 
Klint 
Klint 
Klint 
Klint 
Klint 
Klint 
Klint 
dortti s«a/n«na 
55050• 
•J 
• 
m 
m 
m 
m 
5«<>0«' 
5*001' 
11°J5 
•JOO« 
2°J0 
•t 20/« 
15/7 
14/0 
15/9 
15/10 
14/11 
15/12 
e 11/6 
t 31/5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ICO 
19.4 
17.1 
22.2 
22.« 
22.« 
21.4 
14.1 
J4.7 
1*0 
140 
91 
121 
105 
100 
06 
0.51 
0.40 
0.44 
0.J4 
0.36 
0.3« 
0.33 
S« 0.17 
11.3 94 0.21 
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T9M« 4 .1 .5 0 n t w w 4 
bacat ita/Cmia* 
rth Sn/OMa 
C or * M * V « « » I «~* »4 •"•' , , 7 C S » i a~ ) k » | %"J 
W W ^ M ' t ? 'S 
S S « « ' S»»2V*£ 2/0 
SSo10" l » ) 7 * e 1/« 
SS'JI" i^sre io/» 
} • • « • • • 21 *« 4 /« 
14.« 
14.S 
J4.4 
J4.2 
M.S 
I N 
14 .« I N 
11 .0 94 
1IS 
0 . 2 ? 
0 . 2 4 
O.II 
0 .11 
O . N 
K y s t l J 54*»40* l l » 4 4 ' K S/4 
C * t t * ? « t / D a M 57^22' i 0 *4 t *£ 24 / (2 
50B1«' I2»22'B 21/19 
M ° 4 0 ' 12*07 *8 23/10 
M 0 | ø > | | O 2 0 ' t 23/10 
57*12* 11*40*C 23/10 
S 7 0 | j . | | O j i > e 22/10 
57*52* 11*14*1 22/10 
57*00* 12*01* 21/10 
Siaf i t /Oan* S5**H>* t°i0'K 2 7 / 1 0 
5«°0II* «*S0*E 20 /10 
55*00* 7<»12'£ 27 /10 
MOoo« »»IS'C 27 /10 
51*45* «*5J*« 20 /10 
55*00* 7 » l « » e 27 /10 
54*00* 6«27'É 27 /10 
55*00* 7057*« 27 /10 
f)anl*» s t r » i t * / C * u » s S«*4S* i i * o o ' e 15/10 
• " " 57*00* 11°n0't S/!0 
" " S7*0f>* 12°00'e 1 V I 0 40 
" * " 5»*10' 11010'E IS/10 40 
0 
a 
0 
0 
a 
0 
0 
0 
a 
o 
0 
0 
0 
0 
0 
0 
0 
4 
4 
11.4 
22.1 
21.7 
21.2 
21.) 
2S.7 
11.2 
11.0 
24. S 
14.0 
14.0 
11.4 
24.« 
12.1 
12.SI 
11.7 
1 .4 
24.1 
21.1 
12.7 
22.« 
25.4 
-
15.7 
-
12.1 
24.« 
11.0 
-
10.9 
11.0 
11.1 
11.0 
10.4 
17.4 
19.1 
19.1 
22.4 
11.7 
-
. 
01.0 
4. 
100 
10« 
92 
101 
94 
41 
102 
2S 
«« 
10.« 
103 
17.2 
54.2 
74.1 
40.4 
100 
10« 
04* 
96« 
0.19 
0.1) 
0.14 
O.H 
0.15 
0.1) 
0.29 
0.11 
0.14 
0.2* 
0.12 
0.10 
0.47 
0.21 
0.11 
0.14 
0.4* 
0.12 
o.n 
0.15« 
0.19* 
" 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1.2« 
2.10 
1.15 
1.04 
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.• 4 .4.* O M * 1 I 
tacatl—/Cr»i— 
•M i t i aa 
t o r « 
Bat« Bitch 
i n 
*  Salinity »••* UTC«% 'JJ 
• a/«a • • a~* Ba B~] ,>7l J*C»/ **"*. 
Stra i t t /SMM 54*79 • I2*94*K 14/14 4 
SS*I7' 12*77 ,t 14/1« 4 
C« 4a. a~ 
21.9 17.2 97 7.74 1.21 
9.2 19.5 13.4 9.29 
. - 1 
i l t i r S—fCimnm 
m • • 
• 97 • 
m w • 
55*74 ' 
• 
-
57*99' 
-
«P 
-
54*51 • 
m 
m 
M04S' 
9? 
a> 
•» • i . . ' 
9? 
* 
41°70' 
42°40' 
97 
m 
«4*4*' 
m 
44°44' 
»2°00' 
41°04' 
•.s^99*r 
• 
-
I7*39'E 
-
• 
• 
If**:'« 
m 
• 
14*14 •». 
97 
* 
1»°«.,'_ 
-
»7 
17°5»'« 
19*31'« 
9* 
•J 
21*5«'B 
m 
23°Ot'E 
2o°70'e 
I9*42'e 
17/19 
»7/19 
17/19 
17/19 
17/19 
17/19 
17/19 
19719 
19/19 
19/19 
19/19 
19/19 
19/19 
21/19 
21/19 
21/19 
22/19 
27/19 
2J/10 
27/10 
27/10 
21/10 
24/10 
25/10 
29/10 
4 
- 5 9 
79 
4 
4 
50 
99 
4 
50 
179 
4 
120 
259 
4 
129 
249 
4 
4 
50 
1)0 
4 
90 
4 
4 
4 
7.7 
10.9 
11.« 
( . 9 
( . 9 
7 .7 
7 .5 
4 . 4 
7.1 
19.1 
«.« 
9 .« 
19.2 
5.5 
7.2 
7 .4 
i.s 
5 . 4 
5 .9 
4 . 1 
7.4 
4 .2 
7.7 
t.O 
4 . 0 
19.4 
-
-
29.« 
-
-
-
27.7 
-
-
29.5 
-
-
37.4 
-
-
29.1 
27.2 
-
-
21.2 
-
20.2 
29.0 
. 
77.1 
79* 
4J* 
295 
259« 
55« 
19" 
753 
172« 
19" 
449 
14« 
!»• 
997 
152« 
79« 
5*2 
527 
444* 
• 0 * 
112 
770« 
152 
721 
550 
0.75 
0.34« 
9.79« 
9.51 
9.52* 
9.45« 
i . II« 
0.51 
0.53« 
9.19« 
0.42 
0« 
9« 
0.51 
0.47« 
0« 
0.50 
0.52 
0.54« 
0.47« 
0.44 
0.44* 
0.51 
0.50 
0.4« 
4.949 
9.199 
9.199 
9.917 
9.955 
9.911 
9.929 
9.914 
9.925 
9.991 
9.447 
0.472 
0.949 
4.447 
9.955 
9.041 
9.942 
9.479 
4.449 
0.449 
9.197 
9.054 
0.074 
0 .0)4 
0.077 
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n m «.«.» 
tmcM i—/Cnia* 
Mti 
BapUt teliaity * H c , ,17C» !**C*/ • * ! • . ^ » 
ia • • / • • ft) • " ' • * a ' 1 U7C» Ba. »~J Maj •"» 
•a l t l c Ct*M* !••€»•* M/l« M 
» / ! • IN 
«•»!•• M*n'K n / n « 
M»J»* 21»2«'*" W / l t « 
M * t V I1**2*K l / l I « 
1/1* »• 
« • « • • ! » • • • • * l / I I 4 
I / I I IW 
••4* •-««• 4.42J 
i » » •.€»• i . m 
«.» » . 5 • » . ! 4 . 4 ) • . • » 
T.4 M . l M . t « . J I 
21« 4.2T« t . « 7 J 
T.» 21.4 42.9 t . I T 
i f • . ! • • 1 . 1 « 
»«•«• 
-
12*U'K l » / l l 
t » / l l 
2.5 
l» 
• •• 
21.« 
-
. 
41.« 
I t . « 
( . M 
t . M 
-
_ 
«.!•«.2 
2.S*«-2 
•MMlysad fer C i f iw »rftvaratftic laat i t n « . 
background is given by the April sampling and that this back-
ground still exists in the October samples we »ay calculate 
that the 137Cs fro« Chernobyl in October was 60 - 22.6 = 37.4 
Bq m-3 and the 134Cs was (0.28x60) - (0.076x22.6) = 15.1 Bq m~3. 
The theoretical 134Cs/137Cs in pure Chernobyl debris was 0.466 
in October. Hence the relative contribution of 137Cs fro« Cher-
nobyl in October in the German Bight was (15.1x100)/(0.466x60) 
« 54%. The increase in 137Cs here is thus a little lower than 
in the Danish Straits. 
Prior to Chernobyl in March 1986 (Table 4.4.5.1) the Baltic Sea 
contained 12.8+0.64 Ba 137Cs m"3 (+1 SD.- N-4). At the Gauss 
cruise in the last half of October the surface water or the 
Baltic See contained: 379+301 (+1 SDr H-15) Bo 137Cs m~3. The 
concentration varied a factor of nearly 30. Th* highest levels 
were found in the Gulf of Bothnia around 50°-62°N and 18°-20°E. 
The lowest concentration were seen in the southern part of the 
Baltic Sea. The 134Cs/l37Cs showed that nearly 100% of the 
137CC seen in the Baltic samples came from Chernobyl. 
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During the Gauss cruise in the Baltic we filtered eleven large 
volume (2-3 in3) sea water samples through a millipore (0.45 ym) 
cartridge filters and determined the particulate Y~emitters and 
plutonium and americium (Table 4.4.6). Radiocesium and l10mAg 
were measurable in nearly all samples. The ruthenium isotopes 
were detectable in approximately half of the samples. The par-
ticulate fraction of 137Cs in Baltic Sea surface water varied 
between 0.08% to 4.3%. The median level was 0.5%. The hiqh 
percentage was found in the northern part of the Bothnian Bay 
where the salinity is very low due to river run off (3.6 o/oo). 
The 11^mAg/137Cs ratio in particulate matter was inversely 
proportional to the particulate fraction of 13'Cs in the sea 
water. If we calculated the percentage of particulate 1l0mAg 
compared to total *37Cs in the sea water we got a mean of 
(0.23+0.09)x10~2 (+1 S.D.; N=9). This may be compared with the 
ratio found in Chernobyl debris which is 5-10 times higher. 
We assume that 110mAg is mainly present as particulates and 
that most of it has sedimented. This means that the surface 
water is depleted with respect to 1l0niAg compared with a soluble 
nuclide such as ^37Cs. If ^37Cs t0 a large extent had been as-
sociated with particulate matter we would have expected the 
110mAg/137cs in particles to have "'own a ratio with a siqnifi-
cantly smaller relative standard deviation than that found be-
tween HO^An and total 137Cs ^n t n e water: we found relative 
SD's of 110% and 41%, respectively, for the 9 samples. Three 
sediment samples (cf. Table 4.6.2) from the Gauss cruise con-
tained ^Om^q in the 0-3 cm layer. The mean ratio between 110mAg 
and Chernobyl-derived 137Cs was 0.020+0.0071 (+1 S.D.; N = 3). 
This ratio is 0.020/0.0021 ~ 9 times higher than the ratio found 
between ''"mAg and ^3'Cs in the surface water. This supports 
our hypothesis that most of the 110mAg has sedimented. Five 
1.8 m3 samples of Baltic surface sea water from the Gauss cruise 
has been analysed for 241Am. The mean content was 0.29+0.09 
mBq m"3 ( + 1 S.E.; N=5). A detailed table will appear in the 
198^ report. None of the samples contained measurable amounts 
of 242Cm. 
Table 4.4.6. Particulate activity in Baltic Sea surface water collected at the Gauss cruise 
in October 1986. (cf. also table 4.4.5) (Unit: Bq m"3) 
Position 
N E 
Date 
in 
Oct 
Volume 
filtered 
m3 
103 Ru 106 Ru 110m Ag 125 Sb 134 Cs 137 Cs 239 240£u* 
241 Am* 
particulate 
cs 
56°30 
55°17' 
57°00" 
58°45 
58°53 
-61°30 
-64°05 
^61°04 
59°30 
56°05 
54°48 
MJnit 
11°30' 
12°33' 
17°30' 
18°30" 
19°50" 
17°59' 
210^6' 
19°42' 
23°20' 
17°42' 
, |90 t 9. 
: mBq ro~3 
15 
16 
17 
18 
18 
22 
23 
26 
30 
Nov.1 
Nov. 1 
1.8 
2.3 
2.6 
2.7 
2.6 
2.1 
2.7 
3.2 
1.85 
2.7 
3.0 
-
-
0.06B 
0.12A 
0.24 
0.50 
0.14A 
0.36 
-
-
— 
-
-
0.44A 
-
0.85 
1.85A 
-
1.16 
-
-
— 
-
-
0.63 
1.04 
1.90 
1.53 
0.20 
1.67 0. 
0.073 
0.09B 
0.048A 
-
-
-
-
-
-
14B 
-
-
— 
0.114 
-
0.124 
0.35 
1.16 
4.2 
2.3 
2.1 
0.22 
0.153 
— 
0.22 
-
0.25 
0.62 
3.5 
8.5 
4.8 
4.8 
0.47 
0.37 
0.035A 
0.0829 
-
0.118A 
-
0.185 
0.41 
0.55 
0.169 
0.40 
0.154 
0.046A 
0.29 
-
-
-
-
-
-
0.049A 
0.123 
-
-
0.21 
-
0.09 
0.14 
0.46 
1.44 
4.3 
0.R7 
0.55 
0.97 
0.08 
æ 
i 
AAt these locations sediment collumns were collected and analysed (cf. 4.6). 
- 109 -
4.5. Strontium-90 and radiocesium in soil samples 
In order to determine the total fallout of 90Sr, 137Cs and 
13*Cs deposited after the Chernobyl accident two soil samplings 
were performed. The first one took place in the period 15-27 
May. At each of the 10 state experimental farms three samples 
were collected from grass fields which had been undisturbed 
since the Chernobyl accident. Each sample was 10 "10 * 5 cm 
(the depth was 5 cm). Table 4.5.1 shows the results of this 
sampling. From 15-17 September a new sampling was carried out. 
This time the samples were collected to a depth of 10 cm (cf. 
Table 4.5.2 and Fig. 4.5.1). Finally, a special sampling was 
made in South Jutland at 5 locations where the Institute of 
Radiation Hygiene in Copenhagen had identified relatively high 
depositions in grass samples (Table 4.5.3). 
Table 4.5.1. Soil collected at the 10 state experimental farms 
in Nay 1986. 0-5 cm layer. (Unit: Bq m - 2) (untreated soil samples) 
Location 
Tylstrup 
Kalø 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Tornbygård 
Nean 
103*, 
970 
1350 
1360 
5000 
1330 
3400 
1630 
1660 
1600 
1120 
1940 
131i 
620 
620 
1440 
4200 
1460 
3500 
1670 
830 
1800 
Z'iO 
1690 
'34Cs 
340 
470 
450 
1650 
480 
1060 
450 
450 
390 
290 
600 
137Cs 
990 
1100 
1200 
3300 
1370 
2100 
1020 
1140 
970 
610 
1390 
1«°La 
167 
270 
520 
2400 
520 
1120 
410 
160 A 
290 A 
220 
600 
Date in 
Nay 
27 
27 
16 
17 
16 
17 
15 
26 
15 
22 
Rel. S.E. % 21 23 22 18 36 
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table 4.5.2.1. Soil collected at the 10 stat« esperiaental f a n u 
IS-17 September 1986. 0-10 ca layer 
Location 90, Sr 103 Ru 106, Ru 134, Cs 137Ca Estinated (fro* Calculated 
Bq •' -2 
deposition data) Chernobyl 1 3 7Cs 
Chernobyl ' ° S r M 3 « C S / 1 3 7 C S « 0.4«) 
Tylstrup 
Kai* 
Borris 
Ilskov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Tornbyqård 
Mean 
Hel. S.E. % 
173 
300 
250 
310 
180 
230 
153 
170 
185 
185 
214 
9 
-
500 
280 
1530 
370 
600 
300 B 
490 
370 
220 A 
-
. 
-
980 A 
-
2500 
750 
-
-
980 A 
-
-
-
_ 
310 
780 
420 
1820 
500 
970 
390 
630 
400 
300 
652 
22 
1030 
4400 
1750 
4300 
1940 
2400 
1230 
1650 
1380 
990 
2110 
19 
31 
(26) 
(31) 
70 
38 
83 
40 
16.4 
16.7 
25 
37.7 
19 
650 
1620 
880 
3800 
1040 
2000 
810 
1310 
830 
620 
1356 
23 
Table 4.5.2.2. Soil collected at the 10 state experimental farms 
15-17 September 1986. 0-10 cm layer 
Location 90 Sr 103 Ru 106 Ru 134 Cs '37, Cs 
Bq kg -1 
40« 
9 *g • 1 
Tylstrup 
Kalø 
Borris 
Askov 
St, Jyndevad 
Årslev 
Tystofte 
Ledrénorq 
Ahed 
TornbygArd 
1.59 
4.8 
2.5 
3.3 
1.72 
2.2 
1.54 
1.96 
1.97 
2.1 
-
7.8 
3.1 
16.6 
3.5 
S.8 
3.0 B 
5.6 
3.9 
2.5 A 
-
15.3 
-
27 
7.0 
-
-
11.3 
-
-
A 
A 
2.8 
12.2 
4.7 
19.8 
4.8 
9.3 
3.9 
7.2 
4.2 
3.4 
9.5 
69 
17.5 
46.8 
18.4 
24 
12.3 
19.0 
14.7 
11.0 
12.8 
10.3 
9.8 
10.6 
B.8 
16.7 
17.8 
1«.2 
16.6 
18.4 
Mean 2.37 7.2 24.2 14.0 
Rel. S. t . t 13 23 25 
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Total Deposition from Chernobyl by 
September 1986 
59°N 
58°N 
57°N 
56°N 
55°N 
54°N 
53°N 
Bq 137Cs m-2 
Bq ^Sr m-2 
(Calculated Values) 
- 59°N 
58°N 
57°N 
56°N 
55°N 
54°N 
7°E 8°E 9°E 10°E 11°E 12°E 13°E tt°E 15°E 
53°N 
16°E 
Fig. 4.5.1. The deposits of '37Cs and 90Sr from Chernobyl at the 10 
State experimental farms in Denmark by September 1986. The error terms 
137 for Cs are 1 S.E. of the mean of the soil measurements in September 
and of the »oil measurements in June plus the fallout from June to 
September. The Cs contribution in soil samples were calculated from 
134Cs measurements and the 134Cs/137Cs ratio of 0.55 at April 26, 1986 
in Chernobyl debris. The Sr-90 deposition was based upon precipitation 
samples only. 
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The results of the soil sampling may be compared with the de-
position measured in precipitation samples. In this respect it 
is a problem that the systematic measurements of 137Cs and 
13
*Cs in precipitation samples from the state experimental 
farms first started May 5, 1986. We have thus not been able to 
include the dry deposition of radiocesium in the last days of 
April and the first ones of May. We neither have a direct meas-
ure of the deposit with the few showers occurring before May 5. 
We have, howler, calculated the 137Cs deposition from ^Sr 
data assuming a 137Cs/90Sr ratio in Chernobyl debris of 26.3, 
i.e. the ratio observed in May (cf. Table 4.2.2.2). The mean 
ratio: Bq 137Cs m"2 (precipitation by 1986)/Bq 134Cs nT2/0.48 
(soil in September 1986): 0.844).30 ( + 1 S.D.; N = 10); (0.48 is 
the 134Cs/137Cs ratio in Chernobyl debris in September 1986). 
Half of the stations showed a significantly higher Chernobyl 
137Cs in the soil samples than in precipitation: Kalø, Askov, 
Ledreborg, Abed and Tornbygaard; but a few: Årslev and Tystofte 
showed lower soil values. The soil data may be the most reli-
able, because they best represent what actually has been de-
posited on the fields - including dry fallout, for which we 
suspect the rain funnels to have been less efficient. On the 
other hand, the rain funnels cover a larger area than the soil 
samples. In our prediction model calculations (cf. Appendix C2) 
we have used the mean of precipitation and soil data for the 
estimation of the deposition of ^37Cs in 1986. 
Tables 4.5.2.1 and 4.5.2.2 show that the contribution from 
Chernobyl in the 0-10 cm soil layer in Denmark was 18% for 
and 64% for 137Cs. The relative high Chernobyl contribution 
for ^uSr compared with 137Cs reflects the fact that global fall-
out 90Sr migrates more rapidly than 137Cs down through the soil 
layers. 
The highest deposition from Chernobyl was found in South Jut-
land. Five locations (cf. Pig. 4.5.2) were selected and two 
sets of samples were collected. One set, 0-10 cm, was treated 
as normal soil samples, i.e. it was blended and crushed and 
stones were removed. The other set was collected to 5-cm depth 
and was not treated at all, but the total sample was measured. 
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Tables 4.5.3.1 and 4.5.3.2 show the results. It appears that 
the 0-5 cm sample set contained a 35% higher Chernobyl deposit 
of 13*Cs than the 0-10 cm set. The other nuclides did also show 
a higher deposition in the 0-5 cm samples. We have no explana-
tion for this difference for the time being, but we will return 
to the problem in next year's report. 
In case of 103Ru there was no significant difference between 
the 0-5 cm and 0-10 cm sample sets. 
The 103Ru/134Cs ratio mean (decay corrected to 26 April 1986) 
was 5.79+0.33 (+1 S.D.? N * 5) in the 0-10 cm set and 4.56+0.23 
in the 0-5 cm set (Tables 4.5.31 and 4.5.3.2). 
Kolding 
•Gabøl 
Sønder Vi 1st 
Rangstrup« 
Fig. 4.5.2. Special soil sampling in South-Jutland in 1986. 
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Table 4 .5 .3 .1 . Soil collected 15-17 September 1986 in Sooth-Jutland (0-10 cm layer) 
Location 90 S r 103Pu 106Hu 134Cs 137Ca 
Bq m" 
Calculated, 
Chernobyl 137Cs 
(134Cs/»37Cs . o.49) 
Rokkerup 280 
Sønder Vilstrup 230 
Gabel 500 
Rangstrup 400 
Styding 290 
670 
430 
055 
920 
430 
1010 A 
-
1720 A 
1510 
930 A 
1330 
770 
1820 
1680 
740 
4200 
2100 
4700 
4300 
2100 
2800 
1600 
3800 
3500 
1550 
Mean 
Rel. S.B. t 
340 
14 
700 
18 
1270 
18 
3500 
17 
2650 
18 
Table 4.5.3.2. Soil collected 15-17 September 1986 in South-Jutland (0-5 cm layer) 
(untreated soil, cf. text) 
Location 
Hokkerup 
Sønder Vilstrup 
Gabøl 
Rangstrup 
Styding 
'°3Ru 
650 
360 
1000 
990 
670 
'°6Ru 
Bq »~2 
1530 
780 
2300 
2100 
1650 
'3«Cs 
1450 
800 
2500 
2300 
1480 
137C8 
3600 
2000 
5300 
5100 
3200 
Calculated 
Chernobyl_137Cs 
(134 C 8 /137 C s , 0, 4 8 ) 
V 00 
1670 
5200 
4800 
3100 
Mean 730 1670 1710 3800 3600 
Rel. S.B. « 16 16 18 16 18 
Table 4.5.4. Radionuclide ratios in soil samples collected in 
Denmark 15-17 September 1986. Decay corrected to April 26, 1986 
(0-10 cm layer) 
'5?«b/'3«Cs 
103Ru/134Cs 
106Ru/134CB 
95Zr/134Cs 
Mean t 1 S.D. 
Without At 26 April 
decay 1986 
0.66*0.30 2.66*1.21 
0.71*0.12 7.42»1.25 
1.29»0.32 1.48*1.37 
0.21 0.85 
Number of 
results 
6 
12 
5 
1 
% of 137Cs 
by 26/4 
144 
400 
80 
46 
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Prom Table 4.5.1 we fii 3 a countrywide mean ratio in the 0-5 cm 
soil layer from May 1986 of 4.89*0.74 ( *1 S.D.; N = 10) and 
Table 4.S.2 gives us a mean ratio for the 0-10 cm layer in Sep-
tember of 7.79*1.04 (*1 S.D.; N = 9). It thus seems that 134Cs 
has not penetrated as deep as 1^Ru £n t n e SQJI. This was to be 
expected if Ru is on an anionic form, which will not be retained 
as easily as the cationic 13*Cs by the soil minerals. 
4.6. Sediments 
An extended sediment sampling took place in 1986, in order to 
see how rapidly the Chernobyl debris appeared in the sediments. 
Unfortunately 134Cs has to be determined on an enhanced back-
ground of naturally occurring radionuclides in sediments. This 
52'E 56'E 12°E A'E 56'E 12°E A'E 8'E 
55°58'N 55°48'N 
55°A6'N 
55°U'N 
|
- ' -
1
-
1
-
1
-
1 55°3e'N 
5000 m 
Pig. 4 . 6 . 1 . Roskilde fjord. 
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raises the limit of detection in such samples. In the Danish 
straits (Table 4.6.1) only three samples showed indication of 
134cs> The 137Cs levels did neither indicate a significant con-
tribution from Chernobyl debris. The two samples displaying a 
134Cs content indicate a deposit of Chernobyl 137Cs in the or-
der of €0 Bg m-1. i.e. 5-10% of the actual deposit. 
At the Gauss cruise to the Baltic Sea 18 HAPS cores were col-
lected* 11 of these showed a ™*Cs content. The highest radio-
cesium levels were found in samples collected at 61°30'H, 
I ^ V E and at 62°40'N, 19°33'E. These samples contained ap-
proximately 7 kBq 137Cs m"2 from Chernobyl. This may be com-
pared with a coastal deposition in Eastern Sweden at the same 
1 attitudes in the order of 60-80 kBq 137Cs m~2 3 8 ). Hence the 
sediments contained about 10% of the radiocesiurn deposit in Oc-
tober 1986). Three samples contained 110"Ag; the mean 110liAg/ 
137Cs ratio in these samples was 0.021+0.008 (+1 S.D.; N = 3). 
The theoretical ratio in October 1986 was estimated at 0.009 3 8 K 
Hence we may conclude that 110aAq from Chernobyl was sedimented 
easier than radiocesiurn (cf. also 4.4). The conclusion from the 
observations of radiocesium in the Baltic Sea is that the Cher-
nobyl cesium was not associated with particulate matter to any 
significant extent, it behaved as we would have expected it 
from our global fallout studies of 137Cs. 
Tsale 4.0.2.2. Radionuclide* in se<ti*ent Maples (0-J em) collect*) at the Covss cruise to 
the Baltic S*tt in October I9M. ( M B ) (MCA: 0.014S a2) (soppleaent to Takle 4.0.2.1) 
». «"Co *°Co ••*»• '••*» "•»»• ,,ft»Aa >«*Ce '*«ee 
fcf. rabl* 
4.«.2.1) ft* *»*' dry ftq a"* »a kq~' dry »a m'2 »a k<r' dry So a"2 mq tu,'1 dry 0a a - 2 
17 i.io 21 
»• 17 A 4*0 A 
» ••• A 220 A 
47 SO A 170 A I).S 40 
»J 107 t00 • ft 40 B 
»» 21 420 
Table 4.6.2.3. Radionuclides in Ferro-Manganese nodules from surface sediments collected at the 
Gauss cruise to the Baltic Sea (position: 61°30'N 17°S9'B) October 22, 1986). The activity per 
m2 of the first sample should be added to the corresponding result for 0 —3 cm in Table 4.6.2.1. 
Gauss Mo. 39 
(cf. Table 
4.6.2.1) 
137Cs 137Cs 134Cs 134Cs 
Bq kg-1 dry Bq m~2 Bq kg"1 dry Bq m -2 
239,240Pu 239,240Pu 2 4 1 ^ 
Bq -g"* dry Bq m~2 Bq kg"1 dry 
2 4W 2 3 9Pu 
HAPS, 0-3 cm 
0.0145 m2 (cf. 270 
Table 4.6.2.1) 
*Box-corer, 
same position 80 
2100 128 
34 
990 0.48 
0.42 
3.7 0.10 
0.056 
0.21 
0.28 
*1.4 (A) Bq 54Mn kg - 1 dry. 
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5. DANISH FOOD AND VARIOUS VEGETATION 
by A« Aarkrog 
5.1. Strontium-90 and radiocesium in dried milk from the 
entire country 
As compared with 1985 the countrywide mean *"Sr level in dried 
milk increased *y 7% in 1986. The locations in South (Åbenrå) 
and West Jutland (Videbæk) increased by 22 and 16%, respective-
ly. Punen (Nyborg) increased by 5%. The other locations were 
unchanged except Hjørring (N-Jutland) which decreased a little. 
The milk levels reflect the distribution of the Chernobyl fall-
out over Denmark (cf. Fig. 4.5.1). 
The 13^Cs content increased in 1986 by a factor of 14 compared 
to 1985. The maximum occurred in June (2120 Bg 137Cs ^ g K ) " 1 ) . 
Table 5.1.1. Strontium-90 in dried milk in 1986. (Unit; Bg (kg Ca)~') 
Month 
Jan 
March 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Mean* 
Hjørring 
67 
68 
62 
80 
59 
69 
61 
60 
69 
62 
66 
Randers 
66 
67 
63 
94 
67 
70 
81 
72 
70 
76 
72 
Videbak 
61 
73 
105 
107 
86 
79 
76 
80 
73 
73 
79 
Åbenrå 
59 
67 
89 
106 
77 
75 
Bl 
86 
79 
79 
77 
Nyborg 
64 
68 
73 
103 
51 
46 
58 
56 
65 
68 
65 
Ringsted 
42 
44 
52 
39 
36 
40 
37 
32 
38 
49 
41 
Nakskov 
45 
47 
65 
53 
37 
40 
38 
37 
48 
41 
45 
Mean 
58 
62 
73 
83 
59 
60 
62 
60 
63 
64 
64 
Jan and Har each counted twice in the mean. 
As 1 cubic meter of milk contains 1.2 kg Ca, the mean 90Sr content in Danish milk 
produced in 1986 was 77 Bq m-3 (or 0.077 Bq »°Sr 1 _ 1 ) . 
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Table 5.1.2. Analysis of variance of In Bq 90Sr (kg Ca)"1 in 
Danish dried milk in 1986 (from Table 5.1.1) (milk year) 
Variation SSD f s2 v2 P 
Between months 0.949 11 0.086 5.444 > 99.95% 
Between locations 6.061 6 1.010 63.712 > 99.95% 
Month * loc. 1.046 66 0.016 
10°E 12°E 
10°E 12°E 15°E 
Fig. 5.1.1. Dried milk sampling locations in Denmark. 
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By December the 137Cs had decreased by a factor of 4.4. As for 
'"Sr we observed t 
Åbenrå and Nyborg. 
90S the highest levels in the milk from Videbæk, 
The 13*Cs/137Cs ratio indicates that sxnce June all radiocesium 
in Danish milk came from Chernobyl. 
Table 5.1.3 shows the results of the 137Cs determinations and 
Table 5.1.4 the analysis of variance of the results. Figures 
5.1.2 and 5.1.3 show the 90Sr and 137Cs levels in dried milk 
compared with the predicted values (cf. Appendix C). The ob-
served 90Sr levels in 1986 were 0.52 times the predicted, while 
the observed 137Cs levels were 0.27 times the predicted ones 
(means of Jutland and the Islands). It is thus evident that the 
models were not able to predict the Chernobyl milk levels 
better than with a factor of two to four. 
Table 5.1.3. RadiocMiim in Danish dried »ilk in 1966. Unit: Bq ,37C« (kg «)-' ('34C«/'37C») 
Month Bjerring Randars Vidcbak Abenri Nyborg Ringstad Nakskov Mean Theoretical % Chernobyl 
Jan 
Feb 
Rarch 
April 
"ay 
June 
July 
Aug 
Sep 
Oct 
Hev 
Dec 
133 
(0.4«) 
14S0 
(0.53) 
•70 
(0.50) 
620 
(0.53) 
1140 
(0.4*) 
610 
(0.47) 
380 
(0.43) 
410 
(0.44) 
42 
(0) 
2400 
(0.54) 
1240 
(0.52) 
1060 
(0.51) 
640 
(0.44) 
490 
(0.44) 
630 
(0.42) 
660 
(0.45) 
46 
44 
39 
55 
2200 
(0.52) 
2900 
(0.54) 
2100 
(0.53) 
1490 
(0.50) 
1220 
(0.50) 
1000 
(0.47) 
930 
(0.41) 
610 
(0.47) 
1520 
(0.56) 
3500 
(0.52) 
1620 
(0.54) 
1550 
(0.49) 
1260 
(0.49) 
1260 
(0.531 
•90 
(0.43) 
•40 
(0.42) 
450 
(0.4S) 
3400 
(0.4«) 
•90 
(0.55) 
970 
(0.50) 
1260 
(0.45) 
790 
(0.44) 
520 
(0.47) 
490 
(0.44) 
— 31 — 
-- 24 — 
— 66 — 
940 
(0.50) 
470 
(0.51) 
440 
(0.4«) 
280 
(0.51) 
270 
(0.49) 
260 
(0.42) 
230 
(0.48) 
236 
(0.39) 
1420 
(0.57) 
700 
(0.55) 
330 
10.50) 
260 
(0.52) 
171 
(0.49) 
150 
(0.51) 
11) 
(0.46) 
142 
(0.49) 
40 
35 
31 
60 
960 
(0.44) 
2120 
(0.52) 
1070 
(0.52) 
»90 
(0.51) 
•50 
(0.48) 
650 
(0.47) 
530 
(0.44) 
480 
(0.44) 
0.54 81 
0.52 100 
0.51 91 
0.50 98 
0.48 100 
0.47 100 
0.46 105 
0.45 102 
Mean 490 610 1050 1050 740 270 285 640 
As 1 cubic rnter of Milk contains appro«. 1.66 kg %, the mean 137cs content in Danish itilk produced 
in 19*6 ««s estimated at 1062 Bq m"3 (or 1.06 Bq 137Ce l" 1). 
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Table 5.1.4. Analysis of variance of In Bq 137Cs (kg K)" 1 in 
Danish dried milk in 1986 (from Table 5.1.3) (milk year) 
Variation SSD 
Between months 15.858 11 1.442 4.570 > 99.95% 
Between locations 29.258 6 4.876 15.456 > 99.95% 
Remainder 20.507 65 0.315 
104 |_l I I I I I I I I I I I > I I 1 1 I I I I 1 I I I I I I I I I I I I I I I I I I I I I. 
Dried milk from Denmark 
"Milk year" 
103 
o> 
(/) 
o 
en 
01
 io2 
1 Q 1 I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I ' • ' ' • ' • 
55 60 65 70 75 80 85 90 95 
YEAR 
Fig. 5.1.2. Predicted (curve) and observed 90Sr/Ca levels 
in dried milk from Denmark (May 1962-April 1987). 
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Pig. 5 . 1 . 3 . Predicted (curve) and observed 137Cs/K leve l s 
in dried milk from Denmark (May 1962-April 1987). 
5 .2 . Fresh milk 
5.2.1. Radiostrontium and radiocesium in total milk 
In June and September milk and grass (cf. 5.10.2) samples were 
collected at the state experimental farms in Denmark. If we 
assume that a cow producing 11 1 milk per day needs 9 feed units 
and that it gets them as grass, this corresponds to a daily 
grass consumption of 50 kg fresh weight. Prom this and from 
Table 5.2.1. Strontium-90 and radioceaium in whole milk collected at th« 19 State experimental farms in 1986 
Location Date Bq 90Sr, Bq 137Cs Bq 137Cs 134Cs/137Cs Date Bq 90Sr, Bq 137Cf Bq 137Cs 13«Cs/137Cs 
(kg Ca)_1 (kg K)~' 1"' (kg Cap' (kg K ) - 1 I"1 
Tylstrup 
Kalø 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Tornbygard 
June 
June 
June 
June 
June 
June 
June 
June 
June 
May 9 
11 
11 
10 
10 
10 
10 
13 
16 
12 
» 
88 
59 
172 
189 
105 
59 
85 
35 
44 
-
2600 
1200 
4200 
3300 
3800 
2800 
2200 
740 
149 B 
690 B 
5.1 
1.77 
6.8 
6.0 
5.9 
3.9 
3.1 
1.18 
0.27 B 
0.98 B 
0.53 
0.56 
0.56 
0.52 
0.54 
0.58 
0.49 
0.65 
0.93 B 
0.89 B 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
12 
12 
12 
12 
12 
12 
8 
8 
12 
2 
72*1 
42 
97 
141 
72 
43 
40*1 
27 
36 
38 
470 
580 
1620 
1170 
3700 
290 
1320 
610 
77 
1400 
0.80 
1.05 
2.66 
2.13 
7.26 
0.50 
2.00 
0.99 
0.13 
2.11 
0.34 
0.45 
0.49 
0.50 
0.41 
0.49 
0.49 
O.SO 
0.52 
0.50 
S June 93 2200 3.5 0.55+ Sep 61 1130 1.96 0.47 
131I was detected in four of the June samples: Borris: 1.75 Bq 1"' Aj St. Jyndevad: 1.06 Bq 1"' A; 
Tystofte: 0.51 Bq I-1 A; Ledreborg: 0.25 Bq 1_1 B. 
'''Except Abed and Tornbygård, due to high counting errors. 
The error term is 1 S.E. of the mean of double determinations. 
in 198« (cf. 
Country part 
N-Jutland 
E-Jutland 
W-Jutland 
S-Jutland 
Funen 
Zealand 
ri-js 
Lollamf-Falater 
BornhoXi* 
Nean 
. 5.4.1 
Date 
Nay 24 
Nay 26 
Nay 26 
June 2 
June 2 
June 9 
June 2 
Nay 17 
and 5.4.2) 
Bq »°Sr, 
(kg Ca) -' 
66 
95 
101 
113 
100 
69 
47 
47 
80 
Bq 137Cs 
(kg KJ"' 
1290 
2700 
2500 
4400 
4900 
1700 
R70 
940 
2400 
Bq 1?7Cs 
2.16 
4.64 
4.09 
7.10 
8.23 
2.66 
1.45 
1.56 
3.99 
1
 " c s / ^ c . 
0.53 
0.53 
0.S8 
0.55 
0.58 
0.50 
0.58 
0.56 
0.55 
Date 
Nov/Oec 
Nov/Dec 
Nov/Dec 
Nov/Dec 
Nov/Dec 
Nov/Dec 
Nov/Dec 
Nov/Dec 
Bq 
»kg 
90S 
Ca)" 1 
68 
66 
67 
73 
78 
58 
58 
51 
65 
Bq 137Cs 
(kg K ) " 1 
630 
560 
640 
670 
730 
350 
300 
260 
520 
Bq 137Cs 
1 _ 1 
1.01 
0.89 
1.04 
1.12 
1.22 
0.51 
0.48 
0.51 
0.85 
I34C8/137C, 
0.45 
0.45 
0.44 
0.45 
0.44 
0.43 
0.46 
0.45 
0.15 
Copenhagen June 2 45 830 1.36 0.63 
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Tables 5.2.1, 5.10.2 and 5.10.4 it is possible to calculate the 
percentage of the daily intakes of 90Sr and 137Cs excreted in 
the milk. For 90Sr we found that 1.5% of the intake were ex-
creted in the milk both in June and September. In case of 137Cs 
the June excretion was 7+1% (N = 9; +1 S.E.), but in September 
the excretion was as high as 22+5% (N = 10; +1 S.E.) (cf. also 
Figs. 5.10.2.1 and 5.10.2.2). The cows may in September have 
received some stored fodder from May-June with a high 137Cs 
content. We have earlier"*') found excretions of 1.9% for '^Sr 
and 7.6% for 137Cs. 
5.2.2. Radiostrontium and radiocesiurn in consumers milk 
Nilk was purchased in the 8 zones and Copenhaqen (Figs. 5.4.1 
and 5.4.2) in May-June and in November-December 1986. The re-
sults are shown in Table 5.2.2 and were similar to those in the 
dried milk samples (cf. Table 5.1.3). 
5.2.3. Radiostrontium and radiocesium in Danish cheese 
Cheese samples were obtained monthly from dairies in West and 
South Jutland in 1986. Table 5.2.3 shows that the Bq 137Cs (kg 
K)~' levels in cheese were higher than those in dried milk 
samples from the same areas (cf. Table 5.1.3) and so were the 
Bq 9^Sr (kg Ca)~* levels (Table 5.1.1). The reasons for these 
discrepancies may be due to higher ^37Cs and 'nSr concentra-
tions in the milk used for cheese production than that used for 
dried milk. 
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Table 5.2.3. Strontiua-90 and radiocesiuai in cheese collected in West and 
South Jutland in 1986 
Month 
June 
July 
Aug 
Sept 
Oct 
Oct, Nov, 
June-Dec 
Dec 
man 
Bq 9 0 s r 
kg"1 
1.24 
1.22 
0.86 
1.11 
-
0.91 
1.02 
Bq 90Sr 
(kg Ca)~* 
164 
167 
112 
122 
-
120 
132 
Bq 137Cs 
kg"1 
3.9 
3.2 
1.74 
1.58 
1.39 
1.43 
2.1 
Bq l37Cs 
(kg K)-' 
5300 
4500 
2100 
1760 
1740 
3500 
3200 
134Cs/137< 
0.49 
0.45 
0.53 
0.38 A 
0.50 
0.47 
— 
For *uSr the values for Oct, Nov, Dec counted three time» in the Means. 
For they counted twice, because we already had one value fro« Oct. 
5.2.4. Iodine-131 in Danish milk after Chernobyl 
In the first days after the Chernobyl accident a number of milk 
samples were analysed for 1 3 1I. As Danish cows had not started 
grazing when the Chernobyl fallout arrived, we would not have 
expected 131I in Danish milk in general, and most of the samples 
received were in fact below the detection limit. We received, 
however, also some samples from farms where the cows had begun 
grazing. Furthermore, we collected grass from these farms for a 
comparison between *31I concentrations in milk and grass (see 
Table 5.10.7). The mean ratio: Bq 131I 1_1 milk/Bq 131I kg'1 
grass {dry matter) was 0.015+0.007 (N * 4? +1 S.E.), dry matter 
content of grass was 20%. This ratio is compatible with earlier 
observations21), where we found a ratio of 0.01. 
In consumers milk collected countrywide in May-June 1986 (Table 
5.2.4) we found 1.65 Bcr 131I l"1 milk. In Table 5.10.3 we have 
131I data on countrywide collected grass samples from May 12 
and approximately June 11. If we decay-correct (effective half-
life of 131I on grass is 5 days) these two sets of grass samples 
to May 27, which was the mean date for the milk sampling (and 
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Table 5.2.4. Iodine-131 in consumer milk collected 
in the 8 zones and Copenhagen in Hay-June 1986 
Zone 
I: 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
Mean 
North Jutland 
East Jutland 
West Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
Copenhagen 
Figures in brackets not 
Date 
24/5 
26/5 
26/5 
2/6 
2/6 
21/5 
9/6 
2/« 
17/5 
22/5 
2/6 
included 
Bq l*1 
1.56 
1.60 
1.72 
1.34 
1.38 
1.74 
(0.46JA 
0.46 A 
(5.5) 
3.4 
1.65 
0.56 
in the mean. 
also the mean date of the grass sampling) we find a mean 131i 
concentration in Danish grass of 29 Bq kg"1 fresh weight or 
145 Bq kg-1 dry weight. Hence the milk/grass ratio becomes 
1.65/145 = 0.011 which again is compatible with earlier obser-
vations. We may thus conclude that the Chernobyl 131j showed 
nearly the same transfer from grass to milk as observed earlier 
for global fallout iodine. In such calculations it is always a 
problem what the cows may have eaten beside the grass. 
The Danish authorities asked the farmers to keep their cows on 
staple until about 10 May. This reduced the ^ 1 I content in 
Danish milk just after the accident from a calculated level of 
about 50-100 Bq l"1 to a few Bq 1~1. When the cows began grazing 
a countrywide surveillance of the milk were carried out. Ap-
proximately 100 milk samples were measured daily. Figure 5.2.4 
shows the daily median concentrations of this monitoring pro-
qramme. 
- 132 -
10.0 
8.0 
6.0 
— i 1 1 1 1 1 1 1 j — 
- Median Levels in Countrywide Collected 
Danish Milk 
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Pig. 5 . 2 . 4 . Iodine-131 in Danish milk col lected countrywide in May 1986. 
5 .3 . Strontium-90 and radiocesium in grain from the ent ire 
country 
As in previous years, grain samples were obtained from the State 
experimental farms (cf. Fig. 4 . 2 ) . Strontium-90 was determined 
as previously (Risø Report No. 6 3 1 ) , and ^ 7 Cs and 1 ^4 C s w e r e 
measured on ashed samples by y-spectrometry on a Ge(Li) detector. 
Tables 5.3.1 and 5.3.2 show the measurements of 9 0Sr in grain 
in 1986. Table 5.3.4 qives the analysis of variance of the Bq 
9 0Sr (kg Ca)_1 figures and Table 5 .3 .3 that of the Bq 9 0Sr kg"1 
grain f igures . 
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Table 5.3.1. StroatiHB-M in Oanish grain in 1944. (Unitr an ka~') 
location 
Winter 
Barley 
Speino •linter Winter Spring 
Oats 
Sarin« 
Triticale 
T y l s t r u p 
Kai« 
Askov 
• a r r i s 
S t . Jyndevad 
Årslev 
T y s t o f t e 
Ledreborg 
Abed 
Torabygård 
Mean 
0.44 
0 . 4 4 - 0 
0 .79 
0 .47 0 
0 .41 
0 .51 
0 .2« 
0.12M) 
-
0.147 
0 .42 
02 
.02 
.01 
0 . « 
0 . 3 0 - 0 . 1 0 * 
0 . 4 ) 
0 . 4 1 
0 .10 0 . 0 1 
0 .3910 .0$ 
0 .4%-0 .0 ) 
0 .29 
0.144 
0 . 2 1 0 . 0 $ 
0 .40 
0 .$9 
0 .42 
0 .43 4 . 0 1 
0 .47 
• . S 3 0 . 0 1 
-
0 . 2 2 - 0 . 0 2 
0 .14 
0 .29 -0.H0 
0 .22 -4 .03 
0 .41 
0 .40 
0 . 1 2 : 0 . 0 1 * 
0 .41 4 . 0 1 
0 .42 
0 .34 
0.174 
0 .2$ 
0 .10 
0 .10 
0 .129 
0 .30 
0 .49 
-
0 .72 9 . 4 4 
0 .29 
-
-
0 .2$ 
0 .42 4 . 2 7 
0 .27 0 .04 
-
0 .40 
0 .7$ 
1.0$ 
1 . 1 2 4 . 0 0 
0 .77 4 . 0 9 
0 .4$ 
1.01 
0 .40 
0 . 4 1 
0 .010« 0.003 
0 . 2 1 
0 .47 
-
-
0 .30 
I . M 
-
-
-
-
-
-
_ 
•Mean of Ral« and «dua M S.B. 
The error tern is I S.B. of the aeen of double determinations. 
Table $.3.2. Strontiua-90 in Danish grain in 1904. (Unit: Bq (ka C«)"') 
Locat ion 
T y l s t r u p 
Ral« 
Askov 
Bor r is 
S t . .Jyndevad 
Årslev 
T y s t o f t e 
Ledreborg 
Abed 
Tornbygard 
Been 
*Hean o f Rata 
Rye 
H i n t e r 
1040 
$10'-41 
1000 
1070 194 
1470 
1340 
740 
000 4» 
-
470 
1040 
and øduM 1 S .E . 
Bar ley 
Spring 
1490 
400-130* 
1420 
1$00 
1000'101 
1100'1$2 
940 74 
010 
330 
$10 00 
900 
winter 
1100 
•40 
1 0 t 0 ' 4 
940 
1110 121 
-
400 41 
420 
480 64 
360 67 
770 
wheat 
Winter 
1200 
940 
1190 
1410 
1020 
440 
020 
940 
740 
470 
920 
$$• 
4$ 
Spring 
1$00 
-
I 4 $ 0 H 1 
770 
-
-
670 
1510 '$70 
440 -42 
-
1110 
Oats 
Spring 
920 
10SO 
1200 '-41 
•70 "90 
•70 
1170 
$40 
440 
240 4 
290 
770 
T r i t i c a l e 
-
-
900 
2300 
-
-
-
-
-
-
-
The error ter* is 1 S.T.. nt the Mean of double determinations. 
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Table S.3.3. Analysis of variance of In Sq *°Sr k«-1 in arain 
in 190« (fro* Tabic 5.3-1) 
Variation SSD f * 2 «*2 
between species 
Between locations 
Spec. * loc. 
•eaainoer 
2.174 
10.455 
3.50« 
2.970 
3 
* 
30 
0.725 
1.1*2 
0.135 
0.070 
5.372 
0.C11 
1.72« 
-
-
> »9.95% 
-
Table 5.3.4. Analysis of variance of In Bq *°Sr (ka Ca)_1 in 
qrain in 190« (front Table 5.3.2) 
Variation SSD f s2 * 2 
Between species 
Between locations 
Spec. * loc. 
Renainder 
0.799 
12.71« 
3.104 
3.021 
3 
9 
2« 
30 
0.2«« 
1.413 
0.119 
0.000 
2.232 
11.035 
1.502 
-
> 99.95% 
-
Table 5.3.3 shows that the variation in Bq 90Sr k- 1 between 
species was significant. Oats showed the highest Bq 90Sr kg'1 
levels. The 90Sr levels in grain fro« 1986 were 18% higher than 
those found in 1985. All species except barley were higher in 
1986. 
As in previous years, the variation with location was highly 
significant; the Mean Bq 90Sr kg"1 level for grain from Jutland 
was 1.8 tines that in eastern Denmark. The observed Bq 90Sr kg"1 
levels in grain frost 1986 were 0.86+0.22 (1 S.D., N » 8) times 
those predicted (cf. Appendix C). 
Tables 5.3.5 and 5.3.6 show the measurements of 137Cs and 134Cs 
in grain in 1986. The 137Cs mean level in orain from 1986 was 
43 times the level in 1985. The fallout in Hay-August 1986 was 
1630 times that of the fallout in Hay-August 1985. 
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The AHOVA's (Tables 5.3.7 and 5.3.8) showed significant varia-
tion between locations but Jutland was as a whole not signifi-
cantly different from the Islands. 
Due to the early arrival of the Chernobyl fallout, the crops 
were in general very small and most of the activity was thus not 
intercepted by the plants. Only in the case of rye the plants 
were sufficiently developed for a significant uptake. Hence the 
radiocesium concentrations in rye were at least an order of 
magnitude higher than those of the other species. 
Our prediction models (cf. Appendix C.2) which assume that the 
radiocesium found in grain is solely dependent upon the fallout 
coming in May-August, overestimated the actually found radio-
Table 5.3.5. Radiocesium in Danish grain in 1986. (Unit: Bo 137Cs ka~' ) 
Location 
Tylstrup 
Kale 
Askov 
Borris 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborq 
Abed 
Tornbygard 
Mean 
*Hean of Kale 
Rye 
Winter 
1.95 
-
6.5 
(0.49) 
19.1 
(0.58) 
12.0 
(0.45) 
12.0 
(0.52) 
14.0 
(0.51) 
17.9 
(0.50) 
9.9 
(0.49) 
-
-
6.8 
(0.50) 
11.1 
and M u m ' 1 
Barley 
Spring 
0.41 
(0.44) 
0.26 0.05 
-
0.25 
-
0.39 
(0.67) 
0.48 
(0.39 B) 
0.24 
(0.58 A) 
0.22 
-
0.179 
(0.76 B) 
0.43 
-
0.41 
(0.40 B) 
0.33 
S.E. 
Winter 
0.84 
(0.43) 
0.61 
(0.78) 
1.37 
(0.49) 
1.71 
(0.55) 
1.70 
(0.45) 
-
-
0.66 
(0.48) 
0.68 
(0.60) 
4.8 
(0.52) 
1.28 
(0.44) 
1.52 
Wheat 
Winter 
0.35 
(0.37 A) 
0.59 0.11 
(0.60) 
0.5-; 
(0.80 A) 
0.47 
(0.46 A) 
0.98 
(0.49) 
1.54 
(0.41) 
0.49 
(0.42) 
0.71 
(0.52) 
1.44 
(0.48) 
0.87 
(0.47) 
0.80 
Spring 
0.35 
(0.50) 
-
-
0.96 
(0.53) 
0.28 
-
-
-
-
-
0.159 
(0.66 A) 
0.23 
-
0.26 
(0.84 A) 
-
-
0.37 
Oats 
Sprino 
0.33 
-
1.04 
-
1. 11 
(0.37) 
0.27 
-
1.07 
(0.43) 
2.5 
(0.48) 
0.21 
-
0.23 
-
0.31 
-
0.30 
-
0.7< 
Triticale 
-
-
-
-
2.6 
(0.52) 
0.98 
(0.53) 
-
-
-
-
-
-
-
-
-
-
-
-
-
In brackets the 13*Cs/,37Cs are shown. 
- 136 -
Table 5.3.6. Osiua-137 in Danish qrain in 1986. (Onit: Bq ,37Cs (k<i K>_1) 
location 
tylstrup 
Kai* 
Askov 
Borris 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Torn^ygArd 
Rye 
Hinter 
460 
1490 
4500 
3600 
2400 
2900 
3500 
1900 
1640 
Barley 
Spring Ninter 
92 
61*13 
77 
101 
112 
54 
47 
39 
64 
76 
188 
173 
480 
380 
380 
-
166 
135 
1030 
320 
Wheat 
Ninter Spring 
99 
168*42 
T82 
131 
250 
380 
111 
145 
350 
220 
94 
-
300 
73 
-
-
40 
43 
40 
_ 
Oats 
Spring 
83 
290 
320 
89 
230 
570 
53 
60 
73 
97 
Tr i t i ca le 
-
-
660 
187 
-
-
-
-
-
_ 
Mean 2500 72 360 200 9« 200 
•Mean of Rale and Ødiw • 1 S.E. 
Table 5 . 3 . 7 . Analysis of variance of In Bq 1 3 7Cs kg"1 in 
grain in 1986 (from Table 5 .3 .5) 
Variation SSD s ' 
Between species 
Between locat ions 
Spec, * l o c . 
Remainder 
72.354 
7.136 
12.213 
0.176 
5 
9 
39 
2 
14.471 46.212 > 99.95% 
0.793 2.532 > 97.5* 
0.313 3.559 
0.088 
Table 5 . 3 . 8 . Analysis of variance of In Bq 1 3 7Cs (kg K)~' in 
grain in 1986 (from Table 5 .3 .6) 
Variation SSD 8 ' 
Between species 69.630 5 
Between locat ions 7.874 9 
Spec. * l o c . 11.369 39 
Remainder 0.231 2 
13.926 47.771 
0.875 3.001 
0.292 2.523 
0.116 
> 9 9 . 9 5 % 
> 99% 
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cesium concentrations by 1-2 orders of magnitude, because these 
models assume an approximately constant fallout rate during the 
growing period. 
Prom experimental uptake studies at Risø we have earlier pro-
posed a model for the contamination of barley grain, which 
takes the time of contamination into consideration27). 
u(t) = 0.098 e - 0- 0 0 1 3^ - 3 4) 2 (Eq. 1) 
where M(t) is the activity in Bq 137Cs kg-1 in the mature 
barley grain at harvest 
(t) is the time in days before harvest when the crop 
has received 1 Bq 137Cs per m^ barley field. 
The equation was calculated for a crop density of 0.8 kg dry 
matter m~2 at harvest, which is the average agricultural yield 
in a mature Danish barley field. In a similar way we have pro-
posed a model for the initial uptake % of the barley crops at 
various times t before harvest: 
% = 36
 e-0.00052(t-30)2 (Bq. 2) 
We tested these two models at Risø for a field with winter bar-
ley. Model (Eq. 2) was in agreement with observations if we as-
sumed a field loss half-life of 2 days for days with rain and 
of 14 days during dry periods. This is a more rapid field loss 
than observed under the experimental conditions, for which the 
two equations were developed. In that case the field loss half-
life was 20 days. We may thus expect that much of the 137Cs de-
posited after Chernobyl has been lost from the crops before it 
could be translocated to the grain. Equation (Eq. 1) would thus 
overestimate the actual levels in mature grain. This was also 
the case. From Equation (Eq. 1) we calculated a grain level of 
4.2 Bq 137Cs kg"1 but we found only 0.3 Bq kg"1. 
In Tables 5.3.12.1 and 5.3.12.2 we have made the calculations 
of grain from the various state experimental farms. The periods 
for deposition measurements are here lonqer than for Risø and 
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Table S.3.9. Harvest dates for Danish grain in 1986 
Location Rye 
Winter 
Barley Wheat 
Spring winter Ninter Spring 
Oats 
Spr ing 
2 6 / « 
2 6 / 8 
17/9 
5/9 
14/8 
21 /8 
4 /9 
29 /8 
29 /8 
25 /8 
T r i t i c a l e 
-
-
17/9 
18 /9 
-
-
-
-
-
-
Tylstrup 
Rals 
Askov 
•orris 
St. Jyndevad 
Årslev 
Tystotte 
Ledreborg 
Abed 
TornbyqArd 
26/8 
Sept 
17/9 
4/9 
14/8 
26/8 
19/8 
20/8 
21/8 
13/8 
21 /8 
17/9 
18/8 
16/8 
21 /8 
21/8 
18/8 
29/8 
18/8 
13/8 
4 /9 
17/9 
7/8 
11/8 
-
13/8 
11/8 
6/8 
18/8 
S/9 
9 / 9 
17/9 
4 / 9 
14 /8 
26 /8 
2 5 / 8 
2 1 / 8 
3 /9 
2 5 / 8 
8 /9 
-
17/9 
5 /9 
-
-
21/8 
4 /9 
29 /8 
_ 
Table S.3.10. Radiocesius and Strontitia-90 in barley samples collected at Rise in 19B6 
Date 
4/S 
14/5 
2/6 
30/6 
12/8 
m 
m 
m 
m 
m 
Saaple 
Total plant 
_ • _ 
_ m _ 
• • — 
— • — 
Grain 
Husks 
Straw 
Grain 
Straw 
kg »T2 
0.16 
0.48 
1.82 
3.02 
Bq ' 3 V , 
kg" ' 
5.1 
10.5 
t .6 B 
1.10 A 
1.64 
0.30 A 
3.5 
7.7 
0.13 B 
1.84 
Bg , J 7 C« 
{kg K ) - ' 
2300 
400 B 
280 A 
133 
73 A 
500 
670 
34 
151 
Bq ' " c * 
• T 2 
0.82 
5.0 
2.9 B 
3.3 A 
0.6 
134 C , /137 C , 
0.57 A 
0.61 
1.1 B 
-
0.49 B 
-
0.51 B 
0.49 
" q « S r 
fer1 
0.183 
1.83 
0.11 8 
2.55 
Bq »°Sr 
(kg C a ) " ' 
360 
520 
300 B 
390 
Var iety 
Winter barley 
- * -
. . . 
- • -
- * -
- * -
. . . 
Spring barley 
- • -
Table 5.3.11. Radiocesiua in spring barley staples collected at Grevinge, 
w-Zealand in 1»66 
Date 
14/5 
20/6 
15/7 
4/8 
15/8 
1/9 
9/9 
Saaple 
Total plant 
. • . 
. * -
. • . 
* • -
m m m 
Grain 
kg a" 2 
0.071 
1.24 
-1 .0 
0.74 
0.98 
1.21 
Bq ' " c . 
16.6 A 
0.92 A 
-0 .7 8 
1.08-0.20 
1.8 0.8 
0.76 0.16 
0.31 
Bq ' " C , 
(kg «.)- ' 
1500 
195 
160 8 
165^25 
250 20 
280 120 
63 
Bq ' » C . 
•r2 
1.18 A 
1.14 A 
-0 .7 8 
0.8 
1.8 
0.9 
134 C s / 137 c , 
0.81 A 
-
-
-
-
-
0.46 
The error ter« is 1 S.E. fro« double determinations. 
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Table S.i.12.1. Bodel* predictions of ,J Cs ^roM Chernobyl in Danish Mature spring barley grain 
at harvest 1986 
Location 
Net deposition (Bq 137Cs M " 2 ) 
5-12 Hay 12 Hay-1 June t June-I July 
Tylstrup 
Kala 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Åkirkeby 
200 
220 
471 
1230 
397 
637 
6 
314 
26 
92 
177 
350 
237 
467 
333 
470 
• 10 
159 
417 
202 
41 
60 
51 
246 
30 
ISO 
52 
31 
35 
55 
Harvest Barley. Mature grain sariey. Mature grain 
predicted (Bq ,37Cs kg"1) 
13 
21 
1« 
20 
16 
21 
21 
1« 
29 
29 
Aug 
Aug 
Auq 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
2.6« 
1.97 
2.21 
7.44 
2.19 
4.35 
2.40 
1.3S 
0.55 
2.15 
•Heuristic barley Model froM ref. 27: n(t) - 9.9-10"2 «-0.0013(t-34)* 
(t is the tine in days before harvest and u(t) is the concentration (Bq ,37Cs kg"1) in 
•ature grain for a deposition of 1 Bq ,31Cs M ~ 2 barley field at tine (t)). 
Table 5.3.12.2. Coaparison of Measured and predicted concentrations of 137Cs in Danish 
Mature barley grain at harvest 1986 
Locat ion 
Winter barley 
aeas. pred. aeas./pred. 
{Bq kg"') (Bq kg"1) (%) 
Spring barley 
sea*. pred. aeas./pred. 
(Bq kg"1) (Bq kg"1) (4) 
Tylstrup 
Ral« 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Åkirkeby 
0.84 
1.71 
1.31 
1.70 
0.66 
0.68 
4.81 
1.28 
2.68 
6.01 
7.44 
3.69 
1.49 
2.69 
6.43 
2.15 
31 
28 
18 
46 
44 
25 
75 
60 
0.41 
0.2O 
0.39 
0.25 
n.48 
0.24 
0.22 
0.18 
0.43 
0.41 
2.68 
1.97 
2.21 
7.44 
2.19 
4.35 
2.40 
1.38 
0.55 
2.15 
15 
10 
18 
3 
22 
6 
9 
13 
78 
19 
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the uncertainty on model calculations may thus be larger. It is 
evident that the contributions from July-August play an import-
ant role in the models. This contribution may, however, not be 
so important in reality because the fallout in July-August was 
mostly due to local resuspension. This means that the radio-
cesium was attached to soil particles, which may retain the 
radiocesiurn so efficiently that the plants cannot get hold of 
it. The field loss of resuspended matter may also be higher 
than of primary fallout. 
5.4. Strontium-90 and radiocesium in bread from the entire 
country 
In 1986, samples of white bread (75% extraction) and dark rye 
bread (100% extraction) were collected all over the country (cf. 
Figs. 5.4.1 and 5.4.2) in November, and 90Sr, 137Cs and 134Cs 
were determined. Samples from Copenhagen were analysed separate-
ly. The 137Cs determinations were carried out on the ash by 
Ge(Li) Y-spectroscopy. 
Tables 5.4.1 and 5.4.2 show the results. It is assumed that 1 kg 
flour yields approximately 1.35 kg bread") and that wheat flour 
of 75% extraction contains 20% of the 90Sr and 50% of the 137Cs 
found in wheat grain1), while rye flour is 100% extraction. 
Hence we can compare the 1986 bread levels with the 1985 grain 
levels (cf. Table 5.4.3). The above assumptions for transfer of 
137Cs and 90Sr from grain to bread seem justified for rye but 
not for wheat. This has in fact been envisaged in Risc-R-437 
p. 8621) where it is predicted that the transfer from wheat to 
white bread will increase from 20 to 33% for 90Sr. The discre-
pancy for 137Cs on white bread/wheat may be due to import of 
Chernobyl-contaminated wheat from Southern Europe, where the 
contamination of wheat was higher than in Denmark. 
- 141 -
55°10' 
10c 12c 
Fig. 5.4.1. "A"-towns in the 8 zones in Denmark used for diet, bread and 
milk sampling (these towns were used in 1961-1972 and in 1986). 
I: North-Jutland; II: East-Jutland; III: West-Jutland; IV: South-Jutland; 
V: Funen; VI: Sealand; VII: Lolland-Falster; VIII: Bornholm. 
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- 55°10* 
10c 12e 
Fig. 5 . 4 . 2 . "B"-towns in the 9 zones in Denmark used for d ie t , bread and 
milk sampling (these towns were used in 1961-1972 and in 1986). 
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Table 5.4.1. Strontiua-90 in Danish bread collected in Nov 1986 
Location 
Rye bread 
Bq kg-' Bq (kg Ca)" 1 
White bread 
Bq kg-' Bq (kg Ca)"' 
I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
North Jutland 
East Jutland 
nest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholn 
0.43 
0.27 
0.31 
0.38 
0.23 
0.27 
0.24 
0.21 
148 
500 
940 
153 
210 
104 
166 
103 
0.182 
0.135 
0.099 
0.155 
0.108 
0.094 
0.117 
0.097 
98 
74 
340 
128 
112 
42 
71 
182 
Hean 0.29 310 0.123 131 
Copenhagen 0.24 720 0 . 1 6 6 69 
Population-
weighted aean 0.29 480 0.132 113 
Taole 5.4.2. Radiocesiu» in Danish bread collected in Nov 1986 
Location 
I. 
IT. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
Mean 
North Jutland 
Cast Jutland 
Nest Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
Copenhagen 
Population-
weighted mean 
Bq '37c, 
kg-' 
11.3 
10.0 
7.5 
9.2 
10.8 
6.3 
1.9 
4.7 
7.6 
4.5 
7.6 
Rye bread 
Bq '37C, 
(kq K)-' 
3300 
3200 
2600 
2800 
3800 
2100 
530 
1980 
2500 
1420 
2500 
134C,/137C, 
0.48 
0.45 
0.48 
0.46 
0.49 
0.47 
0.48 
0.48 
0.47 
0.46 
0.47 
Bq '37c, 
kg-' 
0.95 
0.59 
1.81 
0.88 
0.66 
0.30 
1.48 
0.181 
0.86 
0.26 
0.71 
White bread 
; Bq '37cs 
(kg K)-' 
590 
400 
1300 
610 
560 
220 
930 
135 
590 
184 
500 
134C,/137C, 
0.38 
C.54 
0.49 
0.46 
0.48 
0.52 
0.44 
0.54 A 
0.48 
0.51 A 
0.50 
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Table 5.4.3. A comparison between 90Sr and levels in bread and 
grain 1986 
Nuclide 
9<>Sr 
137Cs 
Species 
Wheat 
Bye 
Wheat 
Rye 
Bread activity 
in Nov 1986 
calculated as 
grain in Bq kg-' 
(cf. text) 
0.89 
0.38 
1.92 
10.3 
Activity in 
grain fro« 
harvest 1986 
Bq kg-1 
0.39 
0.43 
0.63 
11.2 
1) 
"Bread"/grain 
ratio 
2.3 
0.9 
3.0 
0.9 
5.5. Strontium-90 and radiocesium in potatoes from the entire 
country 
The samples of potatoes were collected in September from ten of 
the St«te experimental farms
 vcf. Pig. 4.2) and analysed for 
90Sr, 137Cs and 134Cs (Y-spectroscopy of the ash). 
Table 5.5.1 shows the 90Sr and radiocesium contents in potatoes. 
The mean contents for the country were 0.039 Bq 90Sr kg"1, or 
820 Bq 90Sr (kg Ca) - 1, and 0.197 Bq 137Cs kg"1 or 46 Bq t37Cs 
(kg K)" 1. The 90Sr levels were 70% of those in 1985, and the 
137Cs concentrations were 3.4 times the 1985 values. 
The mean ratio between observed and predicted 90Sr concentra-
tions in potatoes was 0.41 and for 137Cs we found 0.05 (cf. 
Appendix C). 
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T a b l t 5 . 5 . 1 . S t r o n t i u » - 9 0 and r a d i o c t s i u n in Danish po ta to *« i n 1986 
Location Bq »°Sr k q " ' Bo ' ° S r (kq C a ) " ' Bo " 7 C s k q " 1 Bq ' " C s (kq K l " ' ' 3 « C s / ' " C s 
T y l s t r u p 
Kai« 
B o r r i s 
Askov 
S t . Jyndevad 
Årslev 
T y s t o f t e 
L*dr*boc} 
Abed 
Bornholm 
0.033 
0 .041 
0.043 
0 . 0 ( 2 
0.020 
0 .040 
0.05S 
0.033 
0.029 
0.035 
890 
1110 
930 
1340 
560 
(60 
1140 
540 
460 
S 40 
0 . 0 7 5 
0 . 6 6 
0.180 
0.54 
0 .30 
0 . 0 7 6 
0 . 0 6 3 
0.029 
0.020 
0.020 
22 
149 
40 
137 
64 
16 
15 
6 . 3 
4 . 0 
3 . 7 
0.48 A 
0.43 
0.32 A 
0.28 A 
dean 0.039 620 0.197 46 
5.6. Strontium-90 and radiocesium in vegetables and fruits from 
the entire country 
In 1986, as in previous years, vegetables and fruit were col-
lected in the autumn from eight larger provincial towns, one 
in each of the eight zones (cf. Pig. 5.4). The programme was, 
however, expanded considerably compared to previous years. 
Tables 5.6.1-5.6.14 show the results. 
Table 5.6.1. Strontium-90 and radiocesium in cabbage collected in Aug-Sept 1986 
Zone 
I . 
I I . 
I I I . 
IV. 
V. 
VI . 
V I I . 
V I I I . 
North J u t l a n d 
East Jut land 
West J u t l a n d 
South Jut land 
Punen 
Zealand 
tølland-Falster 
Bornholm 
Bq 9 ° S r 
kg"1 
0 . 1 7 3 
0 .143 
0 .28 
0 .21 
0 .069 
0 .139 
0 .24 
0 . 5 3 
Bq 9 0 S r , 
(kg C a ) _ 1 
100 
340 
780 
390 
120 
310 
370 
780 
Bq 1 3 7 ,Cs 
t g " 1 
0 . 2 9 
0 . 1 8 3 A 
0 .51 
0 . 5 6 
0 .044 A 
0 . 0 3 B 
0 .131 
0 . 0 3 B 
Bq 1 3 7 Ca 
(kg K ) - ' 
154 
69 A 
280 
200 
27 A 
10 B 
50 
10 B 
" 4 C . / 1 3 7 C , 
0 .20 A 
0 . 4 2 
0 . 4 5 
Mean 0.22 460 0.21 100 
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Table 5 . 6 . 2 . Strontiua-90 and radiocesiu« in carrot co l l ec ted in Auq-Sept 1986 
Zone Bq , 0 S r Bq *°Sr Bq , 3 7 Cs Bq '"Cs ^ C s / ^ C s 
kg"1 (kg Ca)"1 kg"1 (kg R)* 1 
I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
North Jutland 
East Jutland 
Mest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Palster 
Bornholm 
0.155 
0.28 
0.31 
0.189 
0.187 
0.23 
0.194 
0.45 
510 
790 
1130 
800 
640 
790 
510 
870 
0.042 
0.24 
0.137 
0.24 
0.024 
0.035 
0.044 
0.065 
22 
197 
56 
210 
11. 
16. 
22 
13. 
5 
4 
4 
0.29 
0.37 
0.21 
Mean 0.25 760 0.103 69 
Table 5.6.3. Strontiua-90 and radiocesiu« in beans collected in Aug-Sept 1986 
Zone 
I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
North Jutland 
Bast Jutland 
west Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Palster 
Bornholm 
Bq »°Sr 
kg"1 
0.34 
0.25 
0.30 
0.61 
0.33 
0.64 
0.133 
0.157 
Bq 90Sr 
(kg Ca) _ 1 
410 
410 
550 
1780 
660 
«50 
350 
320 
Bq 137Cs 
kg"1 
0.082 A 
0.088 A 
0.22 
0.20 
0.27 
0.116 
0.039 B 
0.016 B 
Bq 137Cs 
(kg K)" 1 
23 A 
28 A 
101 
79 
114 
33 
17 B 
6 B 
134Cs/137Cs 
0.46 
0.48 
0.48 A 
Mean 0.34 680 0.130 50 
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Table 5.6.4. Strontium-90 and radiocesiua in peas collected in July 19B6 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
VII: 
VIII: 
North Jutland 
East Jutland 
Nest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornhola 
Bq *?Sr 
•tg"1 
0.23 
0.35 
0.28 
0.068 
0.196 
0.085 
0.38 
0.34 
Ba »°Sr 
(kq C a r 1 
1160 
1130 
1120 
280 
770 
560 
280 
400 
Bq ' " C s 
tg" 1 
0.22 
0.130 
0.38 
0.179 
0.37 
0.052 
0.128 
0.087 
A 
A 
B 
B 
A 
Bq " 7 C s 
(kg K)- f 
69 
36 A 
99 
42 A 
147 
17 B 
27 B 
36 A 
134 C S / 137 C , 
0.45 A 
0.36 
Mean 0.24 710 0.194 59 
Table 5.6.5. Strontium-90 and radiocesium in lettuce collected in July 1986 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
VII: 
VIII: 
North Jutland 
Bast Jutland 
West Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Bq 9 0 Sr 
* 9 - 1 
0.62 
0.195 
0.028 
0.20 
0.181 
0.20 
0.181 
0.38 
Bq »°Sr 
(kg C a r 1 
1350 
870 
790 
1030 
240 
380 
270 
480 
Bq , 3 7 Cs 
kg"' 
0.31 
0.085 
1.22 
0.74 
1.00 
0.195 
0.55 
0.192 
Bq ' " C . 
(kg K)-' 
79 
33 
360 
177 
220 
44 
220 
43 
134 C S / 137 C , 
0.32 
0.49 
0.31 
0.51 
0.45 
Mean 0.25 680 0.54 147 
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Table 5.6.6. Strontiua-90 and radiocesium in onion collected 
in Aug-Sept 198« 
Zone Bq »°Sr 8q »°Sr Bq 137Cs Ba ^ C s 
kg*1 (kg Ca)_I kg-1 (kg K}"1 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
V I I : 
V I I I : 
Mean 
North J u t l a n d 
Eas t J u t l a n d 
Hest J u t l a n d 
South J u t l a n d 
runen 
Zealand 
L o l l a n d - F a l s t e r 
Bornhola 
0 . 2 0 
0 . 2 8 
0 -45 
0 . 2 4 
0 . 2 0 
0 . 4 3 
0 . 2 « 
0 . 3 7 
0 . 3 0 
510 
• 9 0 
1170 
610 
900 
107C 
730 
13C0 
900 
0 . 0 4 0 
0 . 0 7 9 
0 . 0 9 0 
0 . 0 1 5 
0 . 0 3 2 
0 . 0 3 1 
0 . 0 2 * 
0 . 0 0 0 
0 . 0 4 
B 
A 
B 
B 
B 
B 
B 
21 B 
29 A 
42 
10 B 
IB B 
15 B 
13 B 
C B 
19 
Table 5.6.7. Strontiua-90 and radiocesiua in tomatoes collected 
in July-Aug 19B« 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
VI: 
V I I : 
V I I I : 
North J u t l a n d 
Bast Jut land 
N e s t J u t l a n d 
South J u t l a n d 
Punen 
Zealand 
L o l l a n d - P a l s t e r 
Bornholm 
kq 
•°Sr 
(kg C a r 1 
Bq » " c s 
kg" 1 
0 . 0 3 0 
0 . 0 2 2 
0 . 1 4 2 
0 . 0 4 4 
0 . 0 3 2 
0 . 0 3 7 
0 . 0 6 2 
0 . 0 5 8 
B 
8 
A 
B 
8 
8 
B 
Bq ' " C . 
(kg K ) _ 1 
16 B 
10 B 
45 
18 A 
13 8 
14 B 
20 8 
20 B 
Mean 0.0081 73 0.054 20 
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Table 5.6.8. Strontium-90 and radiocesium in strawberries collected in July 1986 
Zone Bq 9?Sr Bq '°Sr, Bq 1 3 7 C s Bq 1 3 7 C s 1 3 4 C s / 1 3 7 C s 
ICQ-
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
North Jutland 
East Jutland 
West Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
(Kg Ca) -1 Kg" (Kg K)-
VIII: Bornholm 
1.38 
4.0 
4.3 
4.2 
2.7 
0.31 
0.71 
1.26 
750 
2100 
2300 
2200 
1320 
156 
370 
890 
0.52 
0.49 
0.54 
0.49 
0.55 
0.48 A 
0.38 A 
0.55 
Mean 0.30 1250 2.3 1260 0.50 
Table 5.6.9. Strontium-90 and radiocesium in gooseberries collected in 
July-Aug 1986 
Zcne 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
North Jutland 
East Jutland 
West Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
Bq 
Kg 
?°Sr Bq 9 0 S r , 
(Kg C a ) _ 1 
Bq 1 3 7 C s 
kg" 1 
4.r 
11.8 
19.8 
8.2 
8.2 
6.9 
5.0 
4.1 
Bq 1 3 7 C s 
(Kg K ) _ 1 
2500 
8600 
10900 
4100 
6100 
4800 
2400 
2100 
134 C s /13 
0.52 
0.55 
0.54 
0.50 
0.53 
0.50 
0.47 
0.54 
7CS 
Mean 0.083 410 8.5 5200 0.52 
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Table 5.6.10. Strontium-90 and radiocesium in red currants collected in 
July-Auq 198« 
Zone Bq 90 Sr 
kg"1 (kq Ca)-1 
Bq 90Sr Bq 137Cs Bq 137Cs 134Cs/ 
kg -1 
q '-"Cs 
kq K)- 1 
137 Cs 
I: North Jutland 
II: east Jutland 
III: West Jutland 
IV: South Jutland 
V: Funen 
V : Zealand 
VII: Lolland-Falster 
VIII: Bornholm 
Mean 0.45* 1100 
3.6 
13.5 
39 
27 
12.9 
13.7 
6.6 
4.4 
15.1 
1670 
6000 
12100 
9200 
4800 
5100 
2800 
1790 
5400 
0.55 
0.53 
0.51 
0.49 
0.48 
0.54 
0.52 
0.50 
0.52 
*89Sr/90Sr: 2.2 
Table 5.6.11. Strontium-90 and radiocesium in black currants collected in 
July-Aug 1986 
Zone 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
North Jutland 
East Jutland 
Wesc Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Bq 
ug !?
S r Bq 
{kg 
*°Sr 
Ca)_1 
Bq 137Cs 
kg"1 
6.8 
16.8 
25 
26 
23 
6.7 
15.4 
3.9 
Bq 137Cs 
(kg K) _ 1 
2600 
3800 
11200 
7400 
5100 
2400 
4200 
1010 
134Cs/137Cs 
0.47 
0.51 
0.50 
0.51 
0.48 
0.50 
0.51 
0.56 
Mean 0.57 840 15.5 4700 0.51 
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Table 5.6.12. Strontium-90 and radiocesiun in raspberries collected in 
July-Aug 1986 
Zone 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
Mean 
North Jutland 
Bast Jutland 
Mest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Bq 
kg 
0. 
9°Sr 
040 
Bq »°Sr 
(kg Ca) ' 
139 
Bq 13*Cs 
kg-1 
1.24 
3.5 
13.2 
8.2 
5.0 
2.2 
4.7 
1.88 
5.0 
Bq ,37Cs 
(kg K) _ 1 
500 
1290 
4500 
3700 
2300 
1240 
1760 
710 
2000 
134C8/137C8 
0.60 
0.53 
0.49 
0.50 
0.59 
0.52 
0.54 
0.eC 
0.53 
Table 5.6.13. Strontium-90 and radiocesium in cherries collected in July-Aug 1986 
Zone Bq 90Sr sq 90Sr Bq 137Cs ^ 137Cs 134Cs/137C8 
kg-1 (kg Ca)"1 kg"1 (kg K) _ 1 
I: North Jutland 
II: Bast Jutland 
III: West Jutland 
IV: South Jutland 
V: Punen 
VI: Zealand 
VII: Lolland-Falster 
VIII: Bornholm 
4.5 
8.3 
12.0 
6.4 
12.8 
3.1 
2.7 
2.5 
1640 
3200 
6200 
3400 
5100 
1590 
1090 
700 
0.49 
0.52 
0.54 
0.51 
0.51 
0.49 
0.46 
0.51 
Mean 0.164 940 6.5 2900 0.50 
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Table 5.6.15 shows a calculation of the mean contents of 90Sr and 
137Cs in Danish vegetables collected in 1986. The 90Sr levels 
were similar to the 1985 concentrations. 
The 137Cs concentrations in 1986 were 3.2 times higher than 
those in 1985. 
The 1986 levels in Danish fruit were calculated from apples 
(80%) and strawberries (20%). The mean levels in Danish fruit 
were thus 0.067 Bq 90Sr kg"1 and 1.82 Bq 137Cs kg"1. The ob-
served Bq 9^Sr kg"1 levels in vegetables and fruit in 1986 were 
0.74*0.54 (1 S.D.) times those predicted (cf. Appendix C). In 
the case of 137Cs, the observed values were 0.33*0.34 times the 
predicted ones. Apples were the only one which came close to 
the predicted value for 
!37Cs 
in 1986. 
Table 5 . 6 . 1 4 . Strontiom-90 and radiocesiurn in apples co l l ec ted in Aug-Sept 1986 
Zone Bq 9 0 Sr Bq 9 0 S r , Bq , 3 7 Cs Bq 1 3 7Cs 1 3 < Cs/ 1 3 7 Cs 
kg"1 (kg Ca)" 1 kg"1 (kg K)~' 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
Mean 
North Jutland 
Bast Jutland 
Hest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
0.0088 176 
0.65 
1.47 
2.8 
1.93 
1.85 
2.0 
2.5 
0.46 
1.70 
500 
1230 
2500 
1340 
1440 
1580 
1210 
300 
1260 
0.49 
0.54 
0.46 
0.48 
0.58 
I).49 
0.46 
0.47 
0.50 
Table 5.6.15. Calculate'} 90Sr and ,37Cs mean levels in vegetables in 1986 
Daily intake in g Bq 90Sr kg"1 Bq ,0Sr (kg Ca)"1 Bq n 7Cs kg"1 Bq 137Cs (kg K|" 
50 leaf vegetables 
(cabbage) 0.22 460 0.21 100 
30 root vegetables 
(carrot) 0.25 760 0.103 69 
40 peas and beans 0.29 695 0.162 55 
120 g 0.25 610 0.167 77 
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The Chernobyl accident -aid not influence the ^Sr levels in 
vegetables and fruits. In case of *37Cs
 t n e influence was 
strongest for berries such as red and black currants. The coun-
trywide mean value for these berries was 15 Bq '37Cs kg~1. Root 
vegetables in particular onion were very little affected by the 
radioces i urn from Chernobyl. The 137Cs content in most onion 
samples was in fact below the limit of detection. 
The high '3'Cs concentration in berries was due to translocation 
of 137Cs (and 134Cs) to the berries. This is demonstrated by 
the 103Ru/137Cs and 106Ru/137Cs ratios in Table 5.6.16 which 
both are a factor of two lower than those seen in the air in 
July-August 1986 (cf. Appendix). 
Table 5.6.17 shows that 1 3 1I was present in the fresh contami-
nated vegetables. The concentrations relative to 137Cs corre-
sponded to those seen in air and precipitation. A spinach 
sample was measured before and after washing. The '311 content 
Table 5.6.16. Radionuclide concentrations relative to those of 137Cs in various 
f r u i t s a a p l e s 
S p e c i e s 
Red currant 
—
 m
 — 
— < • — 
Black currant 
— • — 
_ • _ 
Gooseberry 
— " • 
_ * _ 
— * — 
_ m _ 
— • • 
_ « _ 
_ * _ 
Strawberry 
_ * _ 
Zone 
I I I 
VI 
VIII 
V 
VI 
VII 
I 
II 
I I I 
IV 
V 
VI 
VII 
VIII 
I I I 
IV 
Date 
Aug 4 
J u l y 
J u l y 
Aug « 
J u l y 
J u l y 
J u l y 
J u l y 
Ju ly 
J u l y 
J u l y 
J u l y 
J u l y 
J u l y 
J u l y 
J u l y 
1 
23 
24 
23 
29 
10 
to 
10 
10 
10 
14 
10 
7 
10 
10 
9 5 J r 
0 . 0 3 9 
-
0 . 2 1 
0 . 0 9 3 
0 .031 A 
0 . 1 9 5 
-
-
-
-
-
-
-
0 . 4 5 
0 . 0 8 2 
-
»
5Nb 
0.081 
0 .027 
0 . 4 6 
0 . 2 5 
0 .064 
0 . 3 9 
0 .114 
0 .069 
-
-
-
-
-
0 .76 
0 .113 
-
103„u 
0 . 1 6 3 
0 . 2 2 
0 .41 
0 . 3 5 
0 . 1 1 9 
0 . 2 6 
0 . 3 1 
0 . 2 8 
0 . 1 6 5 
0 . 3 3 
0 . 2 9 
0 . 1 2 4 
0 . 2 9 
0 . 2 3 
0 . 0 7 8 
0 .120 
106HU 
0 . 2 5 
0 . 2 3 
-
0 .37 A 
-
-
-
-
0 . 1 1 8 A 
-
-
0 . 0 8 9 A 
-
0 . 3 2 A 
-
-
1 4 1 C e 
-
-
0 . 1 0 2 
0 . 0 5 0 A 
-
0 . 0 7 2 
-
-
-
-
-
-
-
0 . 2 3 
0 . 0 3 9 
-
' " c e 
0 . 0 6 3 
-
0 . 3 4 
0 . 2 2 
-
0 . 2 7 
-
-
-
-
-
-
-
0 . 6 7 
-
-
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after washing was 91% of that before washing and the radiocesium 
was 78%. Thus 131I may be more difficult to remove by washing 
than 137Cs. 
Table 5.6.17, Radionuclides in sone vegetable samples collected 
just after the Chernobyl accident (Unit: Bq kg-') 
Sample Location 
Rhubarb 
Radish 
Chive 
Parsley 
Spinach 
(unwashed) 
Spinach 
(washed) 
Ganløse 
(Zealand) 
Ganlese 
(Zealand) 
Hedehusene 
(Zealand) 
Roskilde 
(Zealand) 
Svendborg 
(Punen> 
Svendborg 
(Punen) 
5.7. Strontium-90 and radiocesium in total diet from the entire 
country 
In 1986 total-food samples representing an average Danish diet 
according to E. Hoff-Jørgensen (cf. Appendix B in Risø Report 
No. 63* )9 were collected from 48 towns, 6 from each of the 
eight zones (cf. Pigs. 5.4.1 and 5.4.2) and from Copenhagen. 
The sampling took place in June, September and December. 
Tables 5.7.1-5.7.6 show the results. The 90Sr levels in Jutland 
was 6% higher than those in the Islands in 1986. The 137C8 levels 
were 17% higher in Jutland than those from the Islands. 
Date '311 13«Cs " * c 
1986 
9/5 6.8 
9/5 42 6.1 10.5 
9/5 113 8 B 21.5 
8/5 500 116 230 
9/5 810 189 330 
9/5 740 144 260 
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Table S.7.1. StrontiuB-90 in Danish total diet collected in June 1986 
Zone 
I: 
II: 
III: 
IV: 
V: 
VI t 
VII: 
VIII: 
Mean 
North Jutland 
East Jutland 
Nest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Copenhagen 
Population-
weighted mean 
Bq (kg Ca)" 1 
96 
126 
138 
111 
128 
107 
109 
88 
113 
100 
114 
Bq day"1 
cap-1 
0.145 
0.189 
0.173 
0.173 
0.166 
0.156 
0.174 
0.142 
0.165 
0.149 
0.164 
g Ca day"1 
1.51 
1.50 
1.25 
1.56 
1.29 
1.46 
1.60 
1.61 
1.47 
1.49 
T.44 
Table 5.7.2. Strontium-90 in Danish total diet collected in September 1986 
Zone Town 
group 
Bq (kg Ca)"1 Bq day"1 
cap"' 
g Ca day -1 
I: North Jutland 
II: East Jutland 
III: Mest Jutland 
IV: South Jutland 
V: Punen 
VI: Zealand 
VII; LM land-Falster 
VIII: Bornholm 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
105 
94 
too 
122 
117 
113 
103 
101 
100 
80 
86 
101 
110 
78 
93 
91 
0.15B 
0.143 
0.143 
0.174 
0.183 
0.184 
0.159 
0.164 
0.151 
0.130 
0.128 
0.130 
0.163 
0.135 
0.144 
0.151 
1.50 
1.52 
1.43 
1.43 
1.56 
1.63 
1.54 
1.62 
1.51 
1.63 
1.49 
1.29 
1.48 
1.73 
1.55 
1.66 
Mean 100 0.153 1.S4 
Copenhagen 77 0 .120 1.56 
Population-
weighted mean 101 0.145 1.44 
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Table 5 . 7 . 3 . S t ront iua -90 in Danish t o t a l d i e t c o l l e c t e d in Deceober 1986 
lone Town 
group 
Bq (kg C a r 1 Bq day"1 
cap"* 
9 Ca day ' 1 
I: North Jutland 
II: Bast Jutland 
120 0.185 1.54 
III: Hest Jutland 
IV: South Jutland 
V: Punen 
VI: Zealand 
VII: Lolland-Falster 
VIII: Bornholm: 
Plean 
Copenhagen 
Population-
weighted «ean 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
149 
IIS 
160 
135 
113 
95 
117 
126 
103 
122 
0.20 
0.172 
0.24 
0.180 
0.161 
0.157 
0.161 
0.182 
0.174 
0.180 
1.34 
1.48 
1.50 
1.33 
1.42 
1.65 
1.38 
1.4( 
1.69 
1.49 
Table 5.7.4. Radiocesiurn in Danish total diet collected in June 1986 
Zone Bq (kg u r 1 Bq day?' g K day-1 ,34C«/137C« 
cap"1 
I: North Jutland 620 
II: Bast Jutland 640 
III: West Jutland 700 
IV: South Jutland 1480 
V: Punen 1320 
VI: Zealand 171 
VII: Lolland-Falster 240 
VIII: Bornholm 630 
Mean 725 
Copenhagen 240 
Population-weighted mean 560 
2.40 
2.32 
2.57 
5.53 
4.76 
0.60 
0.90 
2.35 
2.6* 
0.85 
2.04 
3.87 
3.62 
3.67 
3.74 
3.61 
3.51 
3.75 
3.73 
3.69 
3.54 
3.62 
0.52 
0.50 
0.48 
0.54 
0.51 
0.46 
0.50 
0.51 
0.50 
0.47 
0.49 
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Table 5.7.S. BadiocesitM in Danish total diet collected in Septeaber 19BJ 
Zone Town 
qroup 
Bq (kq Kl - 1 Bq day"' 9 K day"' , M C * / 137, 
cap -1 c« 
I : North Jut land A «I0 
a 550 
I I : e a s t Jutland a 450 
• 570 
I I I : Hast Jutland A 7*0 
• 590 
IV: South Jutland A 750 
B 9*0 
V: Funen A 000 
• »so 
VI: Zealand A 2«0 
B 324 
VII: Volland-Palstar A 310 
B 3)0 
VIII: Bornholn A 370 
B 400 
Mean SSO 
Copenhagen 390 
Populaeion-weiqhted Mean 500 
2.32 
2.02 
1.*S 
2 . 1 * 
2.91 
2 .11 
3.00 
3.»7 
3.09 
2 .42 
1.11 
1.22 
1.10 
1.33 
1.50 
1.54 
2 .09 
1.53 
1.93 
3.00 
3.07 
3.47 
3.B4 
3.B3 
3.«9 
4.11 
3.74 
3 .St 
3.72 
3.B3 
3.01 
3."1 
3.m 
4.05 
3.05 
3.02 
3.92 
3.00 
0 .43 
0 .49 
0.44 
0.4B 
0 .35 
0 .50 
0 .50 
0 .42 
0 .53 
0.4« 
0 .53 
0 .42 
0.4C 
0 .35 
0.50 
0.49 
0.4C 
0.3B 
0 .44 
The 90Sr 1986 levels (mean of June and December values) in the 
total diet were equal to the 1985 levels, while the 
were 13.8 times higher in 1986 than in 1985. 
137 Cs levels 
Prom the total-diet sampling it is possible to estimate the 
mean levels of 90Sr and 137Cs in the Danish diet in 1986. For 
the period January-April 1986, the 90Sr level in the total diet 
is assumed to have been equal to that measured in December 1985, 
Risø Report No. 5491). For the period May-July we assume the 
level to have corresponded to that measured in June 1986. For 
the months August-October we used the September 1986 figures and 
the December 1986 figures are taken to represent the last two 
months of the year. Hence the mean content in the total diet in 
1986 was 109 Bq 90Sr (kg Ca)" 1, or 0.16 Bq 90Sr (day)"1. 
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Similarly, the 137Cs content in the Danish diet in 1986 was es-
timated to be 1.45 Bq 137Cs (day)*1 or 390 Bq 137Cs (kg K ) " 1 . 
The daily mean intake of 134Cs was 0.63 Bq cap"1 corresponding 
to a total intake of 230 Bq 134Cs in 1986. The observed 137Cs 
fallout level in total diet was 0.21 times that predicted (cf. 
Appendix C.2). 
Pigure 5.7.1 show the zone mean Bq 90Sr (kg Ca) _ 1 levels (not 
population-weighted) in total diet compared with the predicted 
values (cf. Appendix C), the observed value was 0.65 times that 
predicted. 
Table 5 .7 .6 . Itadiocesiua in Danish total dirt collected in Member 1916 
Zone 
I: North Jutland 
II: East Jutland 
lit: Meet Jutland 
IV: South Jutland 
V: Punen 
VI: Zealand 
VII: iiolland-Falater 
VIII: Bornhola 
Mean 
Copenhagen 
Town 
"roup 
A 
B 
A 
a 
A 
8 
A 
e 
A 
• 
A 
• 
A 
B 
A 
B 
Population-weighted mean 
»1 C*9 K)~ T 
680 
S40 
690 
760 
790 
• 10 
700 
500 
740 
tno 
660 
930 
3B0 
430 
290 
270 
620 
420 
650 
Bq day"' 
cap 
2.54 
2.05 
2.59 
2.70 
3.01 
3.02 
2.77 
2.26 
2.93 
2.61 
2.41 
3.41 
1.45 
1.60 
1.21 
1.10 
2.34 
1.56 
2.42 
9 * day' 
3.74 
3.60 
3.75 
3.55 
3.01 
3.73 
3.96 
3.90 
3.02 
3.04 
3.65 
1.71 
3.9.2 
1.72 
4.17 
4.07 
1.02 
3.71 
3.72 
134Cs/13 
0.41 
0.41 
0.43 
0.41 
0.42 
0.43 
0.43 
0.40 
0.45 
0.41 
0.44 
0.38 
0.45 
0.47 
0.40 
0.40 
0.42 
0.44 
0.42 
2x10; 
.. uxy 
o o 
O) 
to 8 
S 
5x10' 
2x10' 
1x1ff 
5x101 
3 10: 
" • ' • • • • • • • • 
1
 • » 
10 
o o 
t 
t easje 
55 60 
10° 
65 70 75 80 85 90 
en 
Fig. 5.7.1. Predicted and observed 90Sr levels in the Danish total diet. The dotted curve represents the predicted 
values for "Diet CH (cf. Tables 5.7.1 and 5.7.2) and the circles are the corresponding observed values. The unbroken 
curve represents the predicted values for "Diet P" (cf. Table 5.9.3), and the triangles the corresponding observed 
values. 
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5.8. Radionuclides in »eat, fish, eggs and various vegetable 
foodstuffs 
5.8.1. Strontium-90 and radiocesiurn in meat 
Pork and beef samples were collected in Copenhagen in three 
large shops in March and September. Tables 5.8.1.1 and 5.8.1.2 
show the results. Due to the Chernobyl accident meat samples 
were furthermore collected from all parts of the country in 
June (Table 5.8.1.3) and from major slaughter houses in August 
and December (Table 5.8.1.4). 
Table 5.8.1.1. Strontiua-90 in Danish neat collected in Copenhagen 
in 1986 
Honth 
March 
Aug 
Bq kg"1 
0.005 B 
B.D.L. 
Pork 
Bq (kg Ca)~* 
65 B 
B.D.L. 
Bq kg"1 
0.04 B 
0.01 B 
Beef 
Bq (kg Car 1 
340 B 
95 B 
Table 5.8.1.2. Radiocesium in Danish meat collected in Copenhagen 
in 1986 
Month Bq kg"1 
Pork 
Bq (kg K)" 1 "'Cs/'^Cs Bq kg"1 
Beef 
Bq (kg K)"1 "'Cs/'^Cs 
March 0.25 73 - 0.159 43 
Aug 2.0 520 0.61 17.1 4700 0.52 
Table S.8.1.3. Radiocesium in beef and pork collected countrywide in June 1986 
Beef Pork 
Zone Bq 137Cs Bq 137Cf 134C»/137C« Bq 137Cs Bq 137C« 134C«/137C« 
kg"1 (kg K)-*1 kg-1 (kg K)" 1 
I: 
II: 
HI: 
IV: 
V: 
VI: 
VII: 
VIII: 
Mean 
North Jutland 
East Jutland 
West Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
O.SO 
0.50 
0.63 
1.38 
3.7 
0.28' 
0.81 
0.43' 
1.03 
0. 
0, 
.04 
.01 
147 
212 
213 
380 
1240 
90 
270 
132 
340 
-
-
0.51 
0.40 
0.48 
-
0.63 
-
-
A 
0.17 B 
0.42 A 
0.77 
0.87 
0. 16 B 
0.2 R 
0.3 A 
0.53*0. 
0.43 
15 
50 B 
140 A 
280 
250 
50 B 
74 B 
120 A 
173*22 
142 
-
-
0.31 B 
0.56 
-
-
-
0.S0 A 
-
Copenhagen 3.IS 1040 0.2 B 50 B 
- 162 -
T»l« >.0.1.4. R*4ioc*siuo and Strontiw-90 in coobiMd b««r «nd port 
Maples fro« Danish slaughterhouses collect*** in fetaost amt Decsabsr l*M 
Meat* Saaple •«. , 5 7 C s fca-1 t a , 3 7 Cs ( k * « ) - ' I J « C * / 1 5 7 C * »a »»Sr UsT1 
aaoast t * « f 5.5 1C40 
- * - f o r t 1.42 440 
H a r — a n aeef 2 .« 7 M 
- * - f o r t • • • » 34« 
In order to calculate the mean level of IJ/Cs in Danish »eat in 
1986 we use a similar model as that for total diet (cf. 5.7): 
January-April is for »eat represented by March (Table 5.8.1.2), 
Hay-July by June (Table 5.8.1.3), August-October by August 
(Table 5.8.1.4) and November-December by December (Table 
5.8.1.4). We assume that the data from August 1986 in Table 
5.8.1.4 represent the countrywide mean better than those in 
Table 5.8.1.2, where the samples were from Copenhagen only. 
Hence the mean 137Cs content in Danish beef in 1986 becomes 2.1 
Bq kg"1 and in pork we get 0.69 Bq 137Cs kg"1. Compared to 1985 
the ,37Cs level in beef increased by a factor of 7.5 and that 
in pork by a factor of 3. The difference in increase reflects 
the differences in the contamination of grass (cow fodder) and 
grain (pig fodder). 
It is evident that it takes a longer time after Chernobyl for 
the meat to obtain the maximum 137Cs values than for the milk. 
The mean ratio between observed and predicted (cf. Appendix C) 
137Cs levels in meat was 0.05 and for 90Sr the mean ratio was 
0.44. 
5.8.2. Radionuclides in fish 
Pish samples were collected in the North Sea and in inner 
Danish waters. Tables 5.8.2 show the results. The mean levels 
were 0.014 Bq 90Sr kg"1 and 4.75 Bq 137Cs kg"1. 
0.S0 0.0] 0 
0-47 0.00« • 
0.41 
0.44 
Table 5.8.2.1. Strontium-90 and radiocesium in fish (flesh) collected in Danish waters in 1986 
Location 
Hundested 
(CoLteqat) 
a 
« 
n 
• 
N 
Ringkøbing 
(North Sea) 
• 
« 
M 
n 
w 
Date 
Sept 
• 
m 
Nov 
n 
H 
Oct 
m 
Nov 
11 
* 
30 
7 
7 
15 
Species 
Cod 
Plaice 
Herrinq 
Cod 
Plaice 
Herring 
Cod 
Plaice 
Herring 
Cod 
Plaice 
Herring 
Bq 9°Sr 
kg"1 
0.0021 
0.030 
0.002 B 
0.032 
0.024 
0.0031 
0.016 
0.0064 
0.014 
0.0156 
0.0144 
0.0061 A 
Bq 90Sr 
(kg Car 1 
32 
31 
7 B 
47 
31 
8.8 
16.4 
14.5 
34 
19 
30 
17 
Bq 137CS 
kg-1 
7.9 
4.9 
3.8 
4.1 
7.0 
3.8 
3.4 
2.3 
8.' 
4.U 
3.3 
4.4 
Bq 137Cs 
(kg K)" 1 
2000 
1240 
1230 
1160 
1820 
1040 
840 
650 
2100 
1030 
940 
1380 
»•ci/'J'ci 
0.35 
0.29 
0.26 
0.27 
0.26 
0.27 
0.36 
0.34 
0.36 
0.28 
0.48 
0.25 
Bone 
Bq 9<>Sr 
(kg Ca)"1 
23 
28 
5.7 
4.6 
23 
6.8 
11.8 
16.8 
7.1 
14 
14 
-
Mean 0.014 24 4.75 1290 0.31 14 
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The mean 137Cs content in fish from Cattegat was 1.24 times 
that in fish from the North Sea, but the contribution from 
Chernobyl was 74% in the North Sea fish while it was 60% in the 
fish from Cattegat. Hence the 137Cs concentrations in Cattegat 
fish became 5.25 * 0.6 = 3.15 Bq kg-1 and in North Sea fish 
4.25 * 0.74 = 3.15 Bq kg"1, i.e. the same level. This implies 
that the mean content of non Chernobyl 137Cs in Danish fish 
from the autumn of 1986 became 1.6 Bq kg"1, which is half of 
the 1985 level in fi3h. The marked reduction in the discharges 
of 137Cs from Sellafield in the later years have thus reduced 
the 137Cs concentrations in fish significantly. In 1985 we 
estimated that 80% of the 137Cs in Danish fish came from non 
fallout sources, i.e. mostly from Sellafield. In 1986 only 1 Bq 
137Cs kg""1 fish was from Sellafield and similar sources (e.g. 
La Hague) this is 27% of the total 137Cs in fish in 1986. In 
this calculation we assumed that 1/3 of the 1986 consumption of 
fish was free of Chernobyl 137Cs, i.e. it contained 1.6 Bq 
137Cs kg"1, while 2/3 contained 4.75 Bq ;37Cs kg"1 of which 
3.15 Bq kg"1 came from Chernobyl. 
We also followed the monthly radiocesiurn concentrations in eels 
caught in the Baltic Sea near Oscarshamn in Sweden in 1986 
(Table 5.8.2.2). 
The Chernobyl signal was most evident in the sample from July. 
The Baltic eel samples contained less Chernobyl 
137Cs 
than the 
fish from the Cattegat and the North Sea (cf. Table 5.8.2.1). 
Table 5.8.2.2. Radiocesiun In eels from the 
Baltic Sea (Oscarshamn, Sweden) In 1986 
Month Bq 137Cs kg"1 134Cs/137Cs 
April 
June 
June 
July 
Aug 
Sept 
Oct 
15 
17 
Nov-Dec 
1.46 
2.3 
2.7 
3.9 
3.2 
3.5 
3.2 
3.1 
0 
0.16 
0.22 
0.33 
0.21 
0.18 
0.28 
0.17 
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5.8.3. Strontium-90 and radiocesium in eggs 
Eggs were collected countrywide in September 1986. The 90Sr 
concentrations were a little lower than in 1985, i.e. not 
influenced by the Chernobyl accident. The 137Cs concentrations 
increased by a factor of 3 compared to 1985. 
Furthermore we analysed countrywide collected egg samples in 
August and December. They contained 0.144 and 0.22 Bq 137Cs 
kg"1, respectively, and the 134Cs/137Cs were 0.44 and 0.48. 
The observed 90Sr levels in eqgs were (cf. Appendix C) 0.46 
times those predicted, but tti« observed 137Cs concentration 
was 10 times those predicted. This indicates that our prediction 
model for *37Cs in eggs has significantly underestimated the 
importance of the deposition of 137Cs in the year when the eggs 
are produced. 
in September 1986 
Zone 
I: 
II: 
III: 
IV: 
Vi 
VI: 
VII: 
VIII: 
Mean 
North Jutland 
East Jutland 
Hest Jutland 
South Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Copenhagen 
Bq 90Sr 
kg"' 
0.0186 
0.0168 
0.0169 
0.022 
0.021 
0.0157 
0.0128 
0.0157 
0.0174 
0,0169 
Bq 90Sr 
(kg Ca)~' 
34 
31 
30 
39 
39 
28 
23 
29 
32 
31 
Bq ,37CS 
kg"' 
0.175 
0.154 
0.181 
0.170 
0.184 
0.21 
0.111 
0.126 
0.164 
0.068 
Bq 137Cs 
(kg K)-1 
121 
100 
121 
114 
127 
143 
78 
92 
112 
45 
'34C8/'"Cs 
0.54 
0.87 
0.53 
0.70 
0.46 
0.32 
-
0.53 B 
-
_ 
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5 .8 .4 Strontium-90 and radiocesiurn in the variety of vegetable 
food 
In the imported vegetable products there was a significant 
"Chernobyl signal" in hazelnuts and in oranges. 
Table 5.8.4. Strontium-90 and radiocesium in various imported vegetable food 
purchased in Copenhagen in November 1986 
Sample 
Rize 
Oats 
Hazel nuts 
Banana 
Orange 
Coffee 
Tea 
Bq 90Sr 
kg"' 
0.0139 
0.40 
2.5 
0.0060 
0.128 
0.42 
0.41 
Bq 90Sr, 
(kg Ca)"1 
44 
163 
950 
55 
340 
740 
3000 
Bq '37Cs 
kg"' 
0.035 
0.160 
280 
0.009 B 
0.127 
0.53 
2.8 
Bq 137Cs 
(kg K)-' 
44 
40 
40000 
2.3 B 
92 
33 
184 
134Cs/137Cs 
-
-
0.47 
-
0.46 
-
-
5.9. Estimate of the mean contents of 90Sr and radiocesium 
in the human diet in Denmark in 1986 
5.9.1. The annual quantities 
The annual quantities are calculated by multiplication of the 
daily quantities by 365 (as stated by E. Hoff-Jørgensen, cf. 
Risø Report No. 63, Table B 1)). 
5.9.2. Milk and cream 
The 90Sr and 137Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf. Tables 5.1.1 and 5.1.3). 
1 kg ~ 1 1 milk, containing approximately 1.2 g Ca and 1.66 g K. 
Hence the mean contents in milk were 0.077 Bq 90Sr kg"1 and 
1.062 Bq 137Cs kg"1. 
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5.9.3. Cheese 
One kg of cheese contains approximately 8.5 g Ca and 1.2 g K. 
The 90Sr and 137Cs contents in cheese were calculated from these 
figures and from the 90Sr/Ca and 137Cs/K ratios in dried milk 
(cf. Tables 5.1.1 and 5.1.3). One kg of cheese appeared to con-
tain 0.54 Bq 90Sr and 0.768 Bq 137Cs. 
5.9.4. Grain products 
Tables 5.9.1 and 5.9.2 show the estimates of 90Sr and 137Csr 
respectively, in grain products consumed in 1986. From these 
tables, the activity levels in grain products were estimated 
at 0.197 Bq 90Sr kg"1 and 1.106 Bq 137Cs kg-1. 
Table 5.9.1. Estimate of the '"Sr content in grain products consumed pro capite 
in 1986 
Type 
Rye flour 
100% extraction 
Wheat flour 
75% extraction 
Grits 
Total 
Fraction 
kg flour 
21.9 
32.9 
5.5 
60.3 
from harvest 
Bq kg"' 
0.38 
0.06 
0.19 
0.19 
1985 
»q 
8.32 
1.97 
1.04 
11.33 
Table 5.9.2. Estimate of the 137Cs content in 
in 1986 
Type 
Rye flour 
100% extraction 
Wheat flour 
751 extraction 
Grits 
Fraction 
k<! flour 
21.9 
32.9 
5.5 
from harvest 
Bq kq"1 
0.090 
0.028 
0.061 
1985 
Bq 
1.97 
0.92 
0.34 
Fraction 
kg flour 
7.3 
10.9 
1.8 
20.0 
fro« harvest 1986 
Bq kg"1 
0.43 
0.084 
0.23 
0.22 
Bq 
3.14 
0.92 
0.41 
4.47 
grain products consumed pro 
Fraction 
kq flour 
7.3 
10.9 
1.8 
from harvest 1986 
Bq kq"1 
11.2 
0.29 
0.37 
Bq 
81.76 
3.16 
0.67 
Total 
Bq 
11.46 
2.89 
1.45 
15.80 
capite 
Total 
83.73 
4.08 
1.01 
Total 60.3 0.054 3.23 20.0 4.28 85.59 88.82 
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5.9.5. Potatoes 
The figures in Table 5.5.1 were used, i.e. 0.039 Bq 90Sr kg" 
and 0.197 Bq 137Cs kg"1. 
5.9.6. Vegetables 
Table 5.6.15 shows the calculation of 90Sr and 
137Cs 
in Danish 
vegetables consumed in 1986. The mean contents were 0.25 Bq 
90Sr kg-1 and 0.167 Bq 137Cs kg-1. 
5.9.7. Pruit 
The levels in imported fruit in 1986 are assumed to be equal 
to the mean levels found in oranges and bananas collected in 
Copenhagen in 1986, i.e. 0.067 Bq 90Sr kg"1 and 0.068 Bq 137Cs 
k g . The mean levels in Danish fruit (cf. 5.6) in 1986 were 
0.067 Bq 90Sr kg"1 and 1.82 Bq 137Cs kg-1. The daily mean con-
sumption of fruit consisted of 100 g of Danish and 40 g of 
foreign origin. Hence the mean contents in fruit were 0.067 Bq 
90Sr kg-1 and 1.32 Bq 137Cs kg"1. 
5.9.8. Meat 
The annual mean values of 90Sr and 137Cs in meat were calculated 
from 5.8.1: 0.010 Bg 90Sr kg"1 and 1.16 Bq 137Cs kg"1. (In a 
Danish diet meat comprises 2/3 pork and 1/3 beef). 
5.9.9. Pish 
The 90Sr and 137Cs contents in fish are estimated from 5.8.2 at 
0.014 Bq 90Sr kg"1 and 4.75 Bq 137Cs kg"1. 
5.9.10. Eggs 
The contents of activity in eggs were estimated from 5.8.3. The 
levels were 0.017 3q 90Sr kg"1 and 0.164 Bq 137Cs kg"1. 
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5.9.11. Coffee and tea 
One third of the total consumption consists of tea and two thirds 
of coffee. We use the mean contents from 1986 (5.8.4): 0.41 Bq 
90Sr kg-1 and 1.29 Bq 137Cs kg"1 1>. 
5.9.12. Drinking water 
The 90Sr level (population-weighted mean) found in drinking 
water collected in June 1986 (4.3.3) was used as the mean 
level for drinking water, i.e. 0.29 -10-3 Bq 90Sr kg-1. The 
137Cs content in drinking water was measured to 0.62 »lO-3 Bq 
kg"1. 
5.9.13. Discussion 
Tables 5.9.3 and 5.9.4 show the estimates of 90Sr and 137Cs in 
the Danish diet in 1986. The figures should be compared with 
Table 5.9.3. Estimate of the mean content of 90Sr in the human 
diet in 1986 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Pruit 
Neat 
Eggs 
Pish 
Coffee and tea 
Drinking water 
Total 
Annual 
quantity 
in kg 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
Bq 90Sr 
per kg 
0.077 
0.54 
0.197 
0.039 
0.25 
0.067 
0.010 
0.017 
0.014 
0.41 
0.0003 
M«1 
Bq 90Sr 
12.63 
4.91 
15.80 
2.85 
10.95 
3.42 
0.55 
0.19 
0.15 
2.26 
0.16 
53.87 
Percentage of total 
Bq 90Sr in food 
23.5 
9.1 
29.3 
5.3 
20.3 
6.3 
1.0 
0.4 
0.3 
4.2 
0.3 
The mean Ca intake was estimated at 0.62 kg y"1 (approx. 0.2-
0.25 kg creta praeparata). Hence the 90Sr/Ca ratio in total 
diet was 87 Bq 90Sr (kg Ca)"1 (2.3 S.O.) in 1986. 
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Table 5.9.4. Estimate of the mean content of 137Cs in the huMn 
diet in 1986 
Type of food Annual Bq 137Cs Total PcrceQt*9* of total 
quantity per kg Bq '37Cs Bq l37Cs in food 
in tea kg
Nilk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fruit 
Neat 
Eggs 
Pish 
Coffee and tea 
Drinking water 
Total 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
1.062 
0.768 
1.106 
0.197 
0.167 
1.32 
1.16 
0.164 
4.75 
1.29 
0.0006 
174.17 
6.99 
88.82 
14.38 
7.31 
67.45 
63.45 
1.79 
51.78 
7.10 
0.33 
483.57 
36.0 
1.4 
18.4 
3.0 
1.5 
13.9 
13.1 
0.4 
10.7 
1.5 
0.1 
As the approximate intake of potassium was 1.365 kg y~1 the 137Cs/K 
ratios were 354 Bq 137Cs (kg K)"' or 9.6 H.U. in 1986. 
the levels calculated from the total-diet samples (cf. 5.7). 
The 90Sr estimates obtained by the two methods (cf. also fig. 
5.7.1) were 87 Bq (kg Ca)"1 and 109 Bq (kg Ca)"1, respectively, 
or 0.15 and 0.16 Bq 90Sr (day)"1, and the 137Cs estimates were 
1.32 Bq 137Cs (day)"1 and 1.45 Bq 137Cs (day)"1. 
The ratio between observed and predicted (cf. Appendix C) diet 
levels was 0.59 for 90Sr and 0.17 for 137Cs. 
The relative contribution of 90Sr from milk products (32%) was 
nearly similar to those in 1978-1985. The contribution from 
potatoes, other vegetables, and fruit was 32%, and that from 
cereals was 29%. The relative contribution of 137Cs in the 
total diet changed from 1985 to 1986 as follows: milk products 
- 171 -
(16 to 37%), grain products increased fro« 8 to 18*. and «eat 
decreased (16 to 13%). Fruit increased fro« 1 to 14% and was 
thus the diet group which was relatively most influenced by the 
Chernobyl debris. Fish contributed 11% to the total 1 3 7Cs in-
take in 1986. 
5.10. Grass and fodder samples 
5.10.1. Grass collected around Risø 
Table 5.10.1.1 shows the 90Sr content in grass ash fro« Zealand 
in 1986. The wean 9 0Sr activity was 27 Bq 9 0Sr (kg ash)" 1, or 
460 Bq 9 0Sr (kg C a p 1 , i.e. the 1986 level was approxi«ately 
30% higher than 1985 level. Figure 5.10.1 shows the 9 0Sr con-
centration in grass since 1957. The ratio between observed and 
predicted (cf. Appendix C.I) 9&Sr level in qrass in 1986 was 
0.32. 
In Table 5.10.1.2 the 90Sr levels in grass collected weekly at 
Risø since Chernobyl are shown. The samples were combined to 
monthly samples for June-September before analysis. In the 
sample collected on April 28, the 89Sr/90Sr was determined. In 
the air sample from this date the ratio was 19.7 and from this 
we estimate that 1/3 of the 9fSr in the grass was from Chernobyl. 
Table 5.10.1.1. Strontium-90 in grass from Zealand, 1986 
Periods 
Jan-March 
April-June 
July-Sept 
Oct-Dec 
Bq 90Sr (kg ash)-1 
11.9 
20.8 
45 
29 
Bq 90Sr (kg Ca)"1 
370 
460 
540 
4*0 
Mean 27 460 
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A nuaber of grass samples were collected around Risø on April 
28 when the Chernobyl debris was detected. Table 5.10.1.3 shows 
radionuclide ratios (relative to 
137Cs 
) in 3 of these saaples. 
The ratios were in general higher than those seen in the Risø 
air filter fro« 28 April. This »ay indicate that 137Cs was not 
retained as efficiently as the other radionuclides by the grass. 
In case of radioiodine it may furthermore be because iodin«. is 
not retained by the air filter to the saae extent as by the 
grass. The variations in ratios between the 3 grass samples in-
dicate that the debris has been of an inhoaogeneous composition. 
Pigure 5.10.2 shows the variation of the ^ 7 C s in Risø grass 
since Chernobyl. In Hay we see a steep decrease due to growth 
dilution but also to soae extent influenced by the wash off by 
rain showers. Proa June 1986 to March 1987 the levels were 
rather constant around 10 Bq 137Cs kg-1 fresh weight, since May 
1987 tn^ levels have decreased to about 0.5-1 Bq 137Cs kq -1. 
Table S.10.1.2« ftadiostrontiu« in grass saaples collected 
at Rise after 
Date 
April 
Haj 5 
June 
July 
Auq 
Sep 
28 1986 
-
-
-
-
-
Table 5-10.1.3. Radionuclide 
April 2«, 198« 
95Xr 
His* 9 a.«. 1.31 
Vindinge 3 p.«. 1.8* 
Ris« 11 a.«. 5.4 
»»Mb 
1.32 
2.03 
8.7 
the Chernobyl 
Bq 90Sr kg 
fresh v. 
ratios 
'"m. 
0.79 
1.23 
2.7 
4.2 
1.59 
1.24 
1.27 
1.48 
1.15 
accident in 1988 
"' »9 
relative to Ca 
131, 
21 
44 
42 
132^ 
1.81 
2.7 
2.8 
'°Sr (ka Ca)_t MSr/*°Sr 
810 «.S 
780 
720 
490 
450 
350 
-137 in grass collected around Ris« 
133t 134c, 140 M 140 u 141Cc 
5.4 0.58 2.0 1.85 1.40 
17 0.42 A 2.3 2.6 1.58 
16 0.52 5.6 5.7 5.3 
2
»m> 
7.0 
14 
29 
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Pig. 5.10.2. Cesium-137 in grass samples collected at Risø, Denmark in 
the period April 1986-December 1987. 
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5.10*2. Radionuclides in grass collected at the state 
experimental farms 
Grass samples were collected countrywide S times after the 
Chernobyl accident at the 10 state experimental farms (Tables 
5.10.2 - 5.10.6). From May 12 to September 8 the 137Cs levels in 
grass decreased by two orders of magnitude at the state experi-
mental farms. This is another picture than seen in the Rise 
samples. The explanation is that the Risø grass samples are 
from a permanent grass field which is not grazed by cows, which 
is the case for the state experimental farm samples. If all 
had been deposited on May 12 the field loss seen for 
137Cs 
at the state experimental farms would have corresponded 
to a half-life of 18 days. This is, however, an overestimate 
because deposition of 137Cs on qrass also occurred after May 
12. In a similar way the effective half-life of 131j
 w a s est-
imated to 4.8 days corresponding to a field loss half-life of 
12 days (g" + T2 = TTF^ b u t t n a t w a s *or t n e period May 12-
June 11. If the field loss half-life for 137Cs for this period 
was calculated it became only 8.6 days. Hence we see an in-
creasing field loss half-life for ^37Cs with time. This was to 
be expected due to the decreasing growth of the grass with time 
and thus a reduced growth dilution with time. 
If we compare the radionuclide ratios in Table 5.10*6 with 
those in Table 5.10.5 after having corrected for decay, we 
notice that all ratios except the '-"l/137Cs
 ag r e e s # j n c a Se of 
this ratio we found in June twice of that expected from the May 
ratio Wfe see two possible explanations for this. First, the 
field loss from grass of iodine may be less than that of 137Cs 
and the other radionuclides studied (cf. Table 5.6.17). Second-
ly, some of the iodine deposited on the soil may be vol at i zed 
and thus be transferred to the grass (once more). 
In samples containing radiostrontium from Chernobyl only, the 
89Sr/90Sr on 26 April 1986 was determined to 16.8+2.5 (N = 4? +1 
S.D.)20). in Table 5.10.4 the mean ratios in countrywide col-
lected grass samples were determined. From this we calculate 
that approx. 40% of the 90Sr in grass collected from 29/4-9/5 
was from Chernobyl. Around June 11 30% was from Chernobyl and 
Tab!« S. 10.2. Radiocaaiua in qraaa collactad at th« Stat« axparlmantal farm« in 1999 
(Crash w * i 9 h t 
Loca t ion 
T y l s t r u p 
K a i * 
S o r r i a 
Aakov 
S t . Jyndavad 
A n lav 
T y a t o t t * 
Ladrabor« 
Abad 
Tornby9«rd 
(taan 
s . o . 
•aaip laa) 
Bq ' " c . 
U9-1 a ' 2 
3.0 1.3« 
( 2 9 / 4 1 
•» a - J a 
( 2 9 / 4 ) 
B . D . L . B .O.L . 
( 3 0 / 4 ) 
B . D . L . B .O .L . 
( V S ) 
B . D . L . B .O .L . 
( 1 / 5 ) 
B . D . L . B .O .L . 
( 1 / 5 ) 
4 A 0 , 9 7 A 
( 2 / 5 ) 
9 . 7 A 3.3 A 
( 2 / 5 1 
4 . 2 1.09 
( 2 / 5 ) 
-
S.4 1.72 
2 .7 0 .99 
1 3 4 C l / U 7 C t 
0 .55 
-
-
-
-
-
-
-
0 .55 A 
-
0 . 5 5 
0 
Bo 1 3 7 C . 
1,9-' m-* 
3.3 B 1 .1 B 
( S / 5 ) 
' 7 . J B 1.4 3 
( 5 / 5 ) 
340 400 
( • / 5 ) 
2300 1(50 
( 5 / 5 ) 
220 17 
( • / S ) 
«70 132 
( 5 / 5 ) 
12 .« 3 .2 
( 5 / 5 ) 
290 150 
( B / 5 ) 
340 33 
( • / 5 ) 
35 11 
( 7 / 5 ) 
430 250 
490 510 
m c a / ' " C a 
-
-
0 .57 
0 .55 
0 . 5 1 
0 . 5 1 
0 . 5 2 A 
0 .59 
0 .55 
0 . 5 0 
0 .55 
0 . 0 3 
Bq 1 " C « 
k9~> «t"2 
151 110 
( 1 2 / 5 ) 
1*4 l a . 5 
( 1 2 / 5 ) 
125 3« 
( 1 2 / 5 ) 
420 310 
( 1 2 / 5 ) 
• 3 32 
( 1 2 / 5 ) 
270 150 
( 1 2 / 5 ) 
135 
( U / 5 ) 
10 35 
( 1 2 / 5 ) 
M 0 290 
( 1 2 / 5 ) 
137 100 
( 1 2 / 5 ) 
230 119 
194 109 
1 3 4 C i / 1 3 7 c , 
0 . 5 3 
0 , 4 1 
0 . 5 9 
0 . 5 7 
0 . 9 1 
0 . 5 4 
0 . 4 1 
0 .54 
0 . 5 7 
0 . 5 3 
0 .57 
0 .03 
Bq , J T C . 
kq -1 m'* 
7 .9 ( 0 . 3 
( 1 1 / ( 1 
24 10 
( 1 1 / 9 ) 
19.2 12 .5 
( 1 0 / 9 ) 
19.4 13.9 
( 1 0 / 9 ) 
22 14.5 
1 1 0 / 9 ) 
19.3 19.7 
( 10 /9 ) 
9 . 9 13 .9 
( 1 1 / 9 ) 
2 . 9 3 .« 
( 19/91 
9 . 0 5.7 
( 1 2 / 9 ) 
-
14.5 11.9 
7.S 7 .9 
1 1 4 C l / 1 3 7 C i 
0 .59 
3 . M 
0 .54 
0 .55 
0 .57 
0 .55 
0 . 4 0 
0 .90 
0 .52 
-
0 .9« 
0 . 0 1 
Bq ' " e t 
k 9 - ' •-* 
0 . 95 0 .7« 
( 9 / 9 ) 
' . 1 9 0 . 1 ' 
( 9 / 9 ) 
4 .5 1.30 
( 9 / 4 ) 
5 .3 1.9« 
(9/m 
5.« 2 ,1 
( 1 0 / 9 ) 
1.95 0 .55 
( 1 0 / 4 ) 
1.47 0 . 4 1 
( 9 / 9 ) 
0 . 4 1 A 0 . 5 2 A («/•) 
0 . 4 9 0 . 1 9 3 
( 1 1 / 9 ) 
0 .99 0 .2« 
( 2 / 9 ) 
2 . 1 0 . 9 1 
2 .0 0 .44 
l l 4 C i / 1 3 7 c , 
0 . 1« 
0 .54 
0 .3« 
0 .19 
0 ,51 
0 .59 
0 . 5 « 
-
-
-
0 . 4 7 
0 . 10 
N 5 5 2 10 10 9 10 9 10 9 9 9 10 10 7 
Tabla 5.10.3. lodina-131 in graas collaetad at tha Stata anparimantal tarms in 1984 
(t32X/131I) (frash waight aswplas) 
bocat ion Data Bq kg"1 Bq *~2 Data Bq kg'1 Bq m~2 Data Bq kg"1 Bq m"2 Data Bq kg"1 Bq m"2 
Tylatrup 
Kai* 
Borris 
Askov 
St. Jyndavad 
Arsiav 
Tyatofta 
Ladraborg 
Abad 
TornbygArd 
Naan 
S.D. 
29/4 
(0.06 A) 
29/4 
30/4 
VS 
1/5 
V5 
2/5 
2/5 
(0.11) 
2/5 
-
48 
59 
4 R 
5 B 
6 B 
9.4 
61 
210 
18.6 
••• 
47 
66 
22 
22 
2 B 
2 B 
2 B 
1.71 
13.S 
70 
4.7 
-
16 
22 
5/5 
(0.04) 
5/5 
6/5 
5/5 
6/5 
5/5 
(0.79) 
5/5 
8/5 
6/5 
7/5 
195 
630 
760 
3800 
390 
2100 
470 
860 
1160 
570 
1100 
1090 
103 
49 
800 
2600 
151 
410 
119 
450 
113 
290 
530 
830 
12/5 
12/5 
12/5 
12/5 
12/5 
12/5 
12/5 
12/5 
12/5 
12/5 
200 
220 
220 
540 
97 
187 
121 
117 
960 
260 
290 
270 
146 
22 
69 
260 
37 
103 
-
51 
480 
190 
153 
149 
11/4 
11/6 
10/6 
10/6 
10/6 
10/6 
13/6 
16/6 
12/6 
-
1.5 B 
2.5 A 
3.6 A 
-
4.3 
3.7 
1.8 A 
0.9 A 
2.4 A 
-
2.6 
1.2 
1.9 B 
3.1 A 
2.4 A 
-
2.9 
4.0 
2.4 A 
1.1 A 
1.7 A 
-
2.5 
0.9 
10 10 10 
riguraa in brackata ia tha 132X/13,l ratio. 
Table 5.10.4. Radiostrontium in grass collected at the State experimental farms in 1986 
(Fresh weight samples) 
Location Date 
,89 S r /$0 S r ) 
Tylstrup 
rale 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Tornbygård 
Mean 
S.D. 
29/4 
(3.7) 
29/4 
(0.5) 
30/4 
(0.3) 
V 5 
1/5 
1/5 
(12.6) 
2/5 
(2.8) 
2/5 
2/5 
(9.2) 
9/5 
(14.3) 
(7.2) 
(5.7) 
(89Sr/90Sr decay 
Bq 9°Sr 
kg"1 
0.67 
C.62 
0.46 
0.70 
4.0 
0.44 
0.62 
2.1 
1.01 
2.4 
1.30 
1.17 
Bq 9°Sr 
m"2 
0.30 
0.24 
0.26 
0.27 
1 .08 
0.080 
0.136 
0.69 
0.26 
1.22 
0.45 
0.40 
corrected to 
Bq 90Sr 
(kg Ca) -' i 
560 
1140 
580 
490 
3100 
260 
182 
1070 
390 
3400 
1120 
1170 
April 26, 
(89sr/§0sr) 
11/6 
(1.9) 
11/6 
10/6 
(o.2) 
10/6 
(7.1) 
10/6 
(3.7) 
10/6 
(6.8) 
13/6 
(3.0) 
16/6 
12/6 
(4.6) 
-
(4.8) 
(2.0) 
1986) 
Ba 90Sr 
kg"1 
0.90 
1.79 
1.89 
2.7 
2.7 
2.4 
1 .04 
0.50 
0.43 
-
1.59 
0.91 
Bq 90Sr 
m-2 
1.18 
2.3 
1.23 
2. 1 
1.82 
2.6 
1.49 
0.65 
0.30 
-
1.52 
0.76 
Bq 90Sr, 
(kg C a ) - 1 
1090 
1880 
3200 
3100 
2500 
2400 
1040 
520 
440 
-
1800 
1070 
,89Sr/l8Sr) 
8/9 
8/9 
9/9 
9/9 
(0.7 
10/9 
10/9 
(5.0 
8/9 
(2.3 
8/9 
(4.5 
11/9 
(4.6 
2/9 
(3.4) 
(1.9) 
B) 
B) 
B) 
B) 
B) 
Bq 9°Sr 
kor' 
0.95 
0.79 
1.61 
2.6 
1.57 
1 .20 
0.54 
0.36 
0.34 
0.74 
1.07 
0.70 
Bq 9°Sr 
m" 2 
0.77 
0.47 
0.46 
0.90 
0.59 
0.34 
0.33 
0.31 
0.134 
0.21 
0.45 
0.24 
Bq 9 0 S r 
<kq C a ) " ' 
910 
480 
1 150 
1960 
1660 
570 
530 
300 
430 
470 
850 
570 
(6) 10 10 10 (7) 9 9 9 (51 10 10 10 
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T a b l e 5 . 1 0 . S . Rad ionuc l ide r a t i o s ( r e l a t i v e t o 1 3 7 C s ) i n grass c o l l e c t e d May 12 , 1986 
at the State 
Tylstrup 
Kai* 
Borris 
Askov 
St. Jyndevad 
Årslev 
Tystofte 
Ledreborg 
Abed 
Tornbygård 
Mean 
S.D. 
n 
N 
experimental 
«zr 
0.24 
-
-
0.14 
0.28 
0.0.A 
-
0.10B 
0.25 
0.52 
0.23 
0.15 
651 
7 
"Mb 
0.26 
0.12A 
0.17 
0.18 
0.36 
0.08 
0.05A 
0.22 
0.30 
0.58 
0.23 
0. 16 
68% 
10 
faras. 
103Fu 
1.77 
1.85 
2.4 
1.47 
3.4 
2.2 
1.59 
2.7 
1.92 
2.6 
2.2 
0.59 
27% 
10 
I06RU 
0.80 
-
0.91B 
-
-
-
-
1.13A 
0.60 
1.19 
0.93 
0.24 
26« 
5 
13lx 
1.33 
1.33 
1.79 
0.90 
1.17 
0.69 
0.89 
1.47 
1.74 
1.91 
1.32 
0.41 
31% 
10 
132! 
0.26 
0.29 
0.50 
0.21 
0.30 
0.31 
0.15 
0.23 
0.29 
0.52 
0.31 
0.12 
38% 
10 
134 C s 
0.52 
0.61 
0.58 
0.57 
0.61 
0.56 
0.61 
0.56 
0.57 
0.53 
0.57 
0.03 
6% 
10 
136 C s 
-
-
-
0.12 
0.18A 
0.13 
0.12 
-
0.12 
0.12A 
0.13 
0.02 
18% 
7 
>«Ba 
0.7 
0.80A 
0.89 
0.96 
-
0.86 
0.55 
0.76 
0.74 
0.67 
0.78 
0.12 
16% 
9 
140^ 
0.77 
0.97 
1.15 
1.12 
1.35 
0.92 
0.61 
0.70 
0.79 
0.63 
0.90 
0.25 
27% 
10 
141Ce 
0.26 
0.13B 
0.12A 
0.21 
0.43 
0.13 
-
-
0.24 
0.32 
0.23 
0.11 
47% 
8 
n«c« 
0.33A 
-
-
-
-
-
-
-
0.25A 
0.39A 
0.32 
0.07 
22% 
3 
Table 5 . 1 0 . 6 . Rad ionuc l ide r a t i o s ( r e l a t i v e to ' 3 7 Cs) in grass c o l l e c t e d around 
June 1 1 , 1986 a t the S t a t e exper imenta l farms. 
Date 9 5 Z r 9 5 Nh 1<»Ru 10«Ru ' 3 1 I 134 C 9 140B a 140^, 1 4 1 C e 144C e 
Tylstrup 11/6 - - 0 .79 - 0.19B 0.56 -
Kalø 11/6 0.04B 0.06 1.104 0.61 0.10A 0 .55 - 0 .15 0.06A 
B o r r i s 10 /6 - 0 .91 0.41A 0.19A 0 .54 0.29A 0 .12 
Askov 10/6 - - 1.31 - - 0 .55 -
S t . Jyndevad 10 /6 0.09A 0 .13 1.62 0 .83 0 .20 0 .57 - 0 .14 0.06B 
Årslev 10/6 0.17 0.25 1.81 0.88 0.20 0.55 - 0.14 0.14 0.25B 
T y s t o f t e 13 /6 0 .64 0 .89 1.93 1.23A 0.19A 0 .59 - 0 .23 0 .42 0 .76 
Ledreborg 16/6 - 2 .2 0.32A 0.60 -
Abed 12/6 0 .83 1.25 3 .1 1.76 0.29A 0 .52 - - 0 .27 0.74A 
Mean 11/6 0 .35 0 .52 1.64 0 .95 0 .21 0 .56 0 .29 0 .16 0 .19 0 .58 
S.O. 0 .3« 0 .53 0 .73 0 .48 0 .07 0 .02 - 0 .04 0 .15 0 .29 
r e l . S . l ) . 102« 101« 44« 51% 32« 4« - 27« 81« 50* 
N 5 5 9 6 8 9 1 5 5 3 
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at the beainning of September 20% of the *°Sr in Danish grass 
was from Chernobyl. This shows the decreasing contribution of 
direct contamination and the increasing contribution from root 
uptake in the course of the growing season for grass. 
In the early days of the Chernobyl accident a number of plants 
other than grass was collected and analysed for radiocesium and 
131I (Table 5.10.7). Two samples of stinging nettle were col-
lected before and after the rain came on May 7. The rain re-
duced the 1 3 1I content by 20% but it increased the radiocesium 
level by a factor of nearly 8. Iodine has thus been deposited 
to a relatively larger extent by dry deposition than by wet 
compared with radiocesium. 
Table 5.10.8 shows a number of grass samples partly collected 
along with milk samples in order to study the transfer of 131I 
from grass to milk (cf. 5.2.4). Three samples of grass were 
collected at Grevinge from grass fields 1 year, 2 years and 3 
years old, respectively. The retention of radioiodine was ap-
parently higher in the 2-year old grass, but the differences 
between the 3 samples were not greater than 30%. 
Table 5.10.7. Radionuclides in various plants collected in the first days after the Chernobyl 
accident 
Bq 131I Bq 13*1 Bq 134Cs Bq ,37Cs 
Sample Location Date 
Dandelion 
Stinging nettle 
(before rain) 
Stinging 
(after 20 
Moss 
MOSS 
Moss 
Moss 
Lichen 
nettle 
mm rain) 
Risø 
(Zealand) 
Roskild-
(Zealand) 
Roskilde 
(Zealand) 
Stinesminde 
56°14,M »°58'E 
Dueodde 
Bornholm 
20 km north of 
Mtfrkaryd, Sweden 
_ . _ 
—
 .
 — 
1986 
4/5 
7/5 
7/5 
12/5 
22/5 
11/5 
20/* 
20/5 
kV' 
530 
670 
530 
122 
55 
220 
179 
119 
m-2 
-
-
-
3500 
470 
690 
890 
450 
kq"1 «-•2 kg-' 
17.8 - 4.5 
-
-
-
-
-
16 
112 
19.6 
23 
26 
57 
-
*-2 
_ 
-
-
570 
193 
84 
280 
-
kq~' 
7.8 
24 
200 
48 
46 
71 
200 
81 
m-2 
_ 
. 
-
1390 
400 
230 
1000 
300 
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Table 5.10.8. Radionuclides in various grass staples collected in the first days after the 
Chernobyl accident 
Location 
Grevinge 1 yr 
(Zealand) crop 
- " - 2 yr 
crop 
- " - 3 yr 
crop 
SutidstrupqArd 
Hunkebjerq 
(Zealand) 
Gundsamaqle 
(Zealand) 
Søndersted, Tøllase 
(Zealand) 
Hvorvarp 
Ars, (E-Jutland) 
Stinesainde 
56°14'N 9°58'E 
South Halland 
(Sweden) 
7 k« west of Svaneke 
(Bornholm) 
Askov 5 cm 
(S-Jutland) stubbles 
- ' - 0 c« 
stubbles 
Date 
1986 
3/5 
3/5 
3/5 
5/5 
6/5 
7/5 
6/5 
11/5 
4/5 
22/5 
27/5 
27/5 
Bq ^'l 
kg"1 ."2 
75 
85 
65 
700 
475 
750 
830 
300 
1160 
21. 
19. 
36 
5 
9 
20 
20 
15 
^ 
175 
210 
-
169 
400 
27 
31 
81 
Bq 
•HT1 
-
4.9A 
-
_ 
-
-
-
-
49A 
132j 
«"2 
-
1.2A 
-
— 
-
-
-
-
17A 
Bq 134Cs 
kg"1 .-2 
-
-
—
 _ 
11.0 4.0 
45 12.6 
152 
81 46 
51 18 
4.0 5.0 
35 54 
89 200 
Bq t37Cs 
kg"1 a-2 
< 4 
-
24 
15.3 5.6 
79 22 
270 
140 80 
96 33 
6.9 8.8 
69 107 
157 360 
Bq »»I 
per litre 
of Milk 
30 
88 
32 
7.9 
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Grass and Milk Collected at the State Exper 
imental Farms Medio June 1986 
59°N Bq
 137Cs kg'1 Grass 
Bq 137Cs i'1 Milk 
58°N 
57°N 
56°N 
95°N 
54°N 
53°N 
- 58°N 
59PN 
- 57°N 
56°N 
55°N 
- 54°N 
53°N 
7°E 8°E 9°E K)°E 11°E 12°E 13°E %°E 15°E 168E 
Fig. 5.10.2.1. A comparison between 137Cs in milk and in grass collected 
at the state experimental frams in Denmark in June 1986. 
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Grass and Milk Collected at the State 
Experimental Farms Medio September 1986 
7°E 8°E 9°E 10°E 11°E 12°E 13°E U°E 15°E 16°E 
Pig. 5.10.2.2. Cesium-137 in grass and milk collected at the 10 Danish 
state experimental farms in September 1986. 
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5.11. Sea plants 
5.11.1. Sea plants collected in Roskilde Fjord 
Figure 5.11.1 shows the Bq 90Sr (kg Ca)"1 levels in sea plants 
since 1959 and Table 5.11.1 the results for 1986. The mean 
level in Fucus vesiculosus was 250 Bq 90Sr (kg Ca)"1 (7.3 Bq 
kg"1 dry weight). We got no sanples of Zostera marina in 1986. 
The mean ratio between observed and predicted 90Sr levels in 
fucus was 0.53 (cf. Apendix C.I). 
Fucus contained 22 Bq 137Cs kg"1 dry weight. 
Tabel 5.11.1. Strontiwa-90 and Cesiu»-I17 in Focus vesiculosus trom Moskilde rjord in 19Bt 
locat ion 
At Bolund 
• <* • 
- - -
IX 
X 
»Measured on 
Dat« 
7/4 
«/ • 
2/10 
15/12 
*/• 
6/S 
» dry 
batter 
17. » 
20* 
1».S 
m.o 
20* 
20* 
fresh weieht. We 
•q 
nave 
• °Sr (ko Ca)" 
240 
350 
109 
350 
220 
220 
used 204 dry 
1
 Bq*>Sr 
dry «ei 
3.1 
13.0 
7.3 
(.< 
5.« 
* . 5 
• a t t e r as 
•V 1 ght 
the 
Kl 
best 
, 3 7 Cs Ik9 
190 
2500 
1300 
950 
3400 
2R00 
es t ina te . 
«)- ' Bq , 3 7 Cs k g - ' 
dry weight 
( . 5 
78 
47 
3« 
74 
73 
134 c , 
-
0.40 
0.44 
0.41 
0.52 
0.51 
2000 i i i i i i i i i i i i i 11 i i i i i i i i i i i i i i i i i i i 11 
* Fucus vesiculosus 
o Zostera marina 
•~i i ; i i i i i i~i i i •
<fo»fWftr>OA . . . . . i ' ' i ' ' 
60 65 70 75 80 
YEAR 
85 90 95 
Fig. 5 .11 .1 . Strontium-90 in sea plants from Roskilde fjord, 
1959-1986. 
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5.11.2. Sea plants collected at Klint (55°58'N, 11035*E) 
The two Pucus species most often found in Denmarkr Pucus ves-
iculosus and Fucus serratus, had been collected monthly to 
test the difference between the two species and to get data of 
the important seasonal variation. All samples have been analysed 
for Y-emitting radionuclides (Table 5.11.2). 
Pucus serratus contained significantly higher ^nCo concentra-
tions than Pucus vesiculosus. 
There was no significant difference between the 137Cs levels 
in the two fucoids. 
The Chernobyl fallout increased the radiocesium levels by a 
factor of five. Prom June to December the levels decreased 
again by a factor of two. This is compatible with the decrease 
seen in surface water in this period. If we look at the ^^"Ag/ 
*3*Cs (Fig. 5.11.2) in fucoids, it seems that this ratio in-
creases from June to December rather than decreases. This may 
reflect that H"*Ag is accumulated in fucoids without any ap-
preciable excretion, whereas 1^*Cs has a relatively high excre-
tion. In case of 106Ru/134Cs (Pig. 5.11.3) this ratio may de-
crease more rapidly than expected from the radiological half-
lives of the two isotopes. The reason for this may be that 
106RU disappears relatively more rapidly than radiocesium from 
the water column due to sedimentation. But it may also be ex-
plained by differences in the excretion from fucoids of the two 
radionuclides. 
Tabla S.li.2. Radionuclidaa in Fucua vaaieuloaua (Pu.va.) and Fucua aacratua (Fu.aa.) collactad at 
Klint (S5°se'N n<>35'E) in 1986. (Unit: Bq kg"' dry »attar) 
Spacia. Dat. »««. «0Co ^ „ 7 C . 95, , » ^ 10),U 106,U ^ ^ røg tøc. , | t ø 1 ^ . i t ø . røg 
Pu.va . 
F u . a a . 
P u , v t . 
F u . s a . 
Pu .va . 
F u . a a . 
F u . v e . 
F u . a a . 
Pu .va . 
F u . a a . 
P u . v a . 
F u . s a . 
P u . v a . 
F u . a a . 
F u . v a . 
F u . a a . 
F u . v a . 
F u . a a . 
10 /1 
M 
11/4 
-
2 0 / « 
•a 
15/7 
-
12/8 
M 
15/9 
•1 
15 /10 
» 
14/11 
« 
15 /12 
<t 
1.20 
1 . 14 A 
1 .4 * 
1.46 
1.27 
1 . 17 
O . i l A 
1.10 
0 . 7 1 A 
0 . 9 2 
-
-
0 . 8 2 8 
0 . 9 6 
2 .2 
2 .8 
1.77 
2 .4 
2 .1 
2 . 3 
3 .0 
4 . 4 
2 . 8 
3 .4 
2 . 7 
4 . 1 
2 . 7 
3 .9 
-
5 .3 
5 .8 
6 . 3 
S.S 
6 . 3 
30 
28 
29 
26 
33 
29 
19.1 
18.5 
16.7 
11,8 
13,7 
21 
3 .5 141 13.4 
5 . 8 16.8 
0 . 0 9 B 
0 . 2 2 
0 .06 A 
0 . 1 0 A 
0 .05 B 
-
-
-
-
-
-
-
-
-
0 .50 
-
-
-
-
-
-
-
-
-
-
-
-
-
3.7 
4 . 9 
2 .1 
2 .1 
0 .64 
0 . 6 2 
0 . 8 2 
0 . 7 0 
0 . 3 6 
0 . 5 1 
0 . 2 0 
0 .15 
0 .11 A 
0 .11 
2 .1 
2 .9 
1.95 
1.69 
0 .80 
0 .79 
1.66 
1.50 
1.36 
1.56 
0 .93 
0 .94 
0 .64 A 
1.29 
0 . 5 ) 
0 . 5 3 
0 . 6 2 
0 . 6 2 
0 . 4 3 
0 .35 
0 .57 
0 .67 
0 . 4 9 
0 . 9 0 
0 . 4 2 
0 . 4 0 
0 . 4 4 
0 . 4 3 
3.2 
4 . 1 
-
-
-
-
-
-
-
-
-
-
-
-
0 . 1 1 
0 . 0 7 
-
0 . 1 0 
-
0 . 0 5 
0 . 0 9 
0 . 15 
0 . 0 9 
0 .16 
-
0 . 10 
-
0 .25 
A 
B 
B 
B 
A 
0 . 4 6 
0 .47 
0 . 4 3 
0 . 4 6 
0 . 3 5 
0 . 3 7 
0 . 4 3 
0 . 4 2 
0 . 3 ) 
0 .41 
0 . 3 2 
0 . 3 0 
0 .29 
0 .41 
0 .62 A 
-
-
-
-
-
-
-
-
-
-
-
-
. 
0 . 6 ) 
-
0 .32 B 
0 .34 B 
-
-
-
-
-
-
-
-
-
. 
0 . 2 2 A 
0 . 19 A 
0 .12 A 
0 .11 A 
-
0 . 0 9 A 
-
-
-
-
-
-
-
. 
0 . 5 ) 
0 .40 
0 .27 
0 . ) 2 
0 ,15 A 
-
0 . 16 A 
-
-
0 . 2 ) A 
-
-
-
0 . 1) A 
1 
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Fig . 5 .11 .2 . The ra t io : 110"Ag/13^Cs in fucoids coll*..-cted at Klint *986-1987. 
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Pig. 5.11.3. The ratios 106Ru/13/;s in fucoids collected at Klint 1986-1987. 
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5,11.3. Sea plants collected in Danish waters 
Apart from the Klint collection, 15 other samples were taken in 
1986, which consist of 1 sample of Pucus serratus, and 14 of 
Pucus vesiculosus. All samples have been analysed for y -emit-
ters (Table 5.11.3). 
Two samples were collected in the very early days of the 
Chernobyl accident (Hay 1, 1986). These samples have not at-
tained their maximum 137Cs yet, but they show remarkably high 
contents of 95Zr, 103Ru, 140La, 141Ce and 144Ce. These nuclides 
have been deposited as dry fallout but their ratio to 137Cs was 
much higher in the sea plants than in the air. In fact the ob-
served ratios in fucoids came close to those observed in the 
sample collected in our 10 m2 rain collector at Risø on April 
29, 1986. Here we found: 95Zr/137Cs = 15; 103Ru/137Cs - 10; 
140Ba/137Cs = 23; l41Ce/137Cs = 15. This may suggest that de-
position velocity of the radiocesium on the sea surface was 
less than that of the other radionuclides. We do not think that 
it is differences in metabolism which are reflected so shortly 
after the arrival of the fallout. 
Table 5.11.3. Radionuclides in Fucus vesiculosu* (Fu.va.) and Fucus sarratua (Fu.sa.) collactad at 
various locations in tha inner Danish watars in 198«. (Unit; Bq kg'1 dry Matter) 
Position 
N E 
Location Species Date 5«*n (0 Co 1 3 7 C l 
-HH. røs « s *%• H4j. «?s «te «te ffls ^c: 
S5°0S' 1S°09' Svenskehavn 
*5«043' 11<>31 • Anholt 
•57°18' 10°S6' Las* 
•57°19" 11°0B* Las« 
•SS°12' n°43' Hassale 
55°35' 12°55* Liahaan 
S7°07- T2°3 1• Varberg 
S4°40' ll»«4' Nysted 
Pu.ve. 
Fu.ve. 
Fu.ve. 
Fu.ve. 
Fu.ve. 
Fu.ae. 
Fu.va. 
Fu.ve. 
Fu.ve. 
Fu.vc. 
Fu.va. 
Fu.va. 
Fu.va. 
Fu.va. 
Fu.ve. 
22/5 
11/4 
11/« 
11/6 
12/6 
-
1/5 
1/7 
1/8 
1/11 
1/5 
1/7 
2/8 
1/» 
5/8 
-
-
-
-
3 B 
-
3.1 A 
4.8 
2.3 1 
-
1.6 B ! 
2.« B ! 
< 
-
-
-
-
.9 
>.o 
-
A 
A 
B 
63 
10 
2« 
J5 
46 
35 
13.1 
74 
45 
21 
8.2 
11 
38 
22 
57 
1.7» 
0.3« 
-
-
-
0.34 A 
8.9 
0.11 A 
-
-
28 
0.84 A 
-
-
-
6.0 
1.7 
3.3 
2.0 
2.2 
2.0 
4.2 
2. 1 
0.84 
18.6 
4.9 
1 .57 
1.90 
0.31 
2.0 
1.8T 
-
1.0 
2.0 
1.23 
1.83 
1.36 
0.98 
-
4.0 
3.4 
1.52 
3.5 
0.35 
A 
A 
A 
-
-
-
-
-
0.28 
-
0.13 
0.14 
0.24 
-
0.34 
0.27 
0.53 
0.05 A 
-
6.7 
17.6 
2.6 
8.2 
10.4 
11.5 
-
-
-
4.2 
-
-
-
-
0.49 
0.45 
0.51 
0.47 
0.42 
0.45 
0.32 
0.48 
0.40 
0.31 
0.22 
0.42 
0.44 
0.35 
0.41 
1.37 
0.79 
1.00 
0.11 
0.71 
1.39 
10.0 
-
-
-
31 
-
-
. 
1.34 
-
-
-
-
0.23 A 
7.7 
-
-
-
27 
0.14 A 
0.15 B 
-
-
1.59 
-
-
-
-
-
5.9 
0.15 
-
-
17.4 
0.3« 
0.29 
-
-
B 
B 
1 
00 
00 
1 
•aeavjred on fresh weight. Ne have used 20% dry aattar as tha bast estimate. 
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5.12. Moss and lichens 
The Chernobyl was as expected easily detectable in moss and 
lichen samples collected after the accident. It was, however, 
interesting that in the samples where both top and bottom (the 
old plants) were collected, it was only the top which showed a 
significant Chernobyl radiocesiurn signal; but 103Ru had pene-
trated into the old layer of lichen at Asserbo (N-Zealand). The 
average depositions fro« Chernobyl was 940+122 Bq 137Cs m~2 at 
Asserbo and 1000+130 Bq 137Cs m~2 at Oustrup Beath (W-Jutland) 
(+1 S.D.; N = 5). These depositions were in agreement with de-
position estimates made fro« soil measurements (Pig. 4.5.1). 
At Asserbo the total 137Cs deposit (including old global fall-
out) was 2800+290 Bq m~2 and at Oustrup Heath we found 2300+260 
Bq 137Cs m~2; Chernobyl thus contributed with 34% and 431, 
respectively, of the total 137Cs at the two locations. 
The lichen samples were collected by Ulrik Søchting, Institute 
of Spore Plants, University of Copenhagen. 
Table 5.12. Radionuclides in aoas and lichen collected tn Denaark in 1**4 
Saaple Location Dat« 90. »»Sr, ii'Cs 13T 
in 1986 Bq a~2 Bq 
»5, 103 
.-2 ^ l , T3*-£, Ru 10«. 1311 134c. 140u 34i c« 
CS 
Hf? CS k9 d. 
Moss 
Noas 
Lichen 
Lichan 
Lichan 
Top: 
Lichan* 
Bornhola 
Bornhola 
Bornhola 
Hay 22 
Sap 2 
Sap 2 
Skagen (Jutland) Juna 28 
Skagen (Jutland) Juna 2B 
Asserbo 
(Zealand) 
Bottoo: 
Lichan* Asserbo 
(Zealand) 
Top: 
Lichan* 
Bottom: 
Lichen* 
June 2 
Juna 2 
June 2 
June 2 
June 2 
June 2 
June 2 
June 2 
June 2 
June 2 
Oustrup Heather June 20 
(Jutland) 
' June 20 
June 2B 
June 2« 
June 2« 
Oustrup Heather June 28 
(Jutland) 
" June 2o 
June 20 
June 2« 
June 20 
21 
8.S 
26 
450 - 1.88 0.87 1.03 0.S0 
460 - 0.17 0.36* - 0.32 
680 0.046 0.22 0.33A - 0.46 
440 0.0SO 0.56 0.38 - 0.48 
370 0.095 0.61 0.38 0.03 0.S0 
»40 
1030 
1200 
1170 
1290 
1440 
1590 
1660 
1690 
18S0 
1470 
1230 
1470 
1060 
1020 
930 
940 
800 
890 
1620 
0.44 0.30 
0.06A -
0.52 
0.22 
0.64 
0.42 
0.47 
0.3S 
0.42 
0.48 
- 0.92 
0.18 A 1.05 
0.03A O.OSA 0.11 B 0.93 
0.04 0.06 0.13 A 0.91 
0.77 - - 0.44 
0.96 - - 0.4S 
0.96 0.40A 0.36B 0.45 0.15B 
0.93 0.41 - 0.47 0.11A 
0.89 0.33 0.3SB 0.44 0.11A 
0.21 -
0.22 - - - -
0.25 . . . -
0.15 -
0.24 -
0.21B 
0.06B 
0.I9B 
2 
1 
2 
2 
2 
34 
18 
37 
47 
52 
1 
1 
2 
1 
38 
19 
11. 
9. 
10. 
.48 
.81 
.80 
.36 
.75 
8 
3 
.0 
s 
2 
80 
63 
37 
34 
10 
6 
7 
6 
5 
5 
CladIn* Portentos« 
Cladina Portantosa top 
bottoa 
cop 
bottoa 
•Collected by Ulrik Sechting. Institut (or Sporeplanter. University of Copenhagen. 
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6. STRONTIUM-90 AND RADIOCBSIUM IN MAN IN 1986 
6.1. Stroniuro-90 in human bone (by A. Aarkroq) 
The collection of human vertebrae from the institutes of foren-
sic medicine in Copenhaqen and Arhus was continued in 1986. As 
in the total-diet survey (cf. 5.7), the country was divided 
into eight zones. The samples were divided into five age groups: 
new-born {< 1 month), infants (1 month-4 years), children and 
teenagers (5-19 years), adults {< 29 years), and adults (> 29 
years). 
Tables 6.1.1-6.1.5 show the results for the five groups. The 
9 0Sr concentrations in human bone collected in 1986 were nearly 
unchanged from those observed in 1979-1985. 
The observed mean concentration in adults (_> 30 years) was 0.54 
times that predicted (cf. Appendix C ) . 
Table 6.1.1. Strontium-90 in vertebrae from new-born 
children (< 1 month old) in 1986 
Zone Age in Month of Sex Bq (kg Ca)~ 
days death 
VI t? 8 M 10.2 
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Table 6.1.2. Strontiua-90 in bone from infants [< 4 years) 
in 1986 
Zone Age in Month of Sex Bq (kg Ca)" 
months death 
2 
3 
6 
2 
2 
2 
2 
5 
8 
8 
11 
40 
J 
4 
18 
6 
3 
3 
4 
7 
3 
11 
2 
6 
12 
12 
9 
10 
12 
7 
11 
11 
9 
7 
12 
2 
12 
11 
10 
11 
12 
10 
N 
»1 
M 
M 
M 
N 
M 
N 
H 
M 
M 
M 
P 
P 
P 
M 
N 
M 
N 
M 
P 
15 B 
20 B 
41 
91 A 
15.4 
150 
29 A 
79 B 
22 
32 A 
34 
22 
18 A 
25 
13.1 
32 
35 A 
40 
18.1 
30 B 
47 A 
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Table 6.1.3. Strontium-90 in bone fro« children and 
teenagers K 19 years) in 1986 
Zone 
VI 
Age in 
years 
19 
Month of 
death 
9 
Sex 
If 
Bq (kg Ca)"1 
17.2 
Table 6.1.4. Strontium-90 in vertebrae from adults 
{< 29 
Zone 
II 
VI 
VI 
VI 
VI 
VI 
years) in 
Age in 
years 
23 
21 
21 
22 
25 
28 
1986 
Month of 
death 
3 
10 
6 
5 
6 
6 
Sex 
M 
P 
P 
M 
M 
M 
Bq (kg Ca) - 1 
28 
15.4 
22 
13.4 A 
14.0 A 
19.3 
- 194 -
Table 6.1.5. Strontiua-90 in vertebrae fro« adults 
(> 29 years) in 1986 
Zone Age in Month of Sex Bq (kg Ca)~ 
years death 
I 
I 
I 
I 
I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
III 
III 
VI 
VI 
VI 
VI 
VI 
45 
47 
54 
65 
74 
33 
51 
60 
33 
42 
44 
45 
48 
50 
52 
58 
66 
79 
51 
37 
31 
37 
39 
46 
49 
2 
2 
6 
3 
7 
6 
3 
3 
6 
6 
8 
8 
3 
6 
7 
8 
8 
3 
2 
7 
5 
8 
10 
6 
9 
M 
H 
H 
N 
H 
P 
P 
P 
M 
(1 
M 
N 
n 
M 
N 
M 
M 
M 
P 
M 
P 
P 
P 
P 
P 
18.3 
19.8 
11.0 A 
17.4 
16.3 
19.3 
18.3 
30 
18.9 
22 
17.7 
20.6 
25 
13.2 
25 
17.9 
13.4 
11.2 
24 
'8.8 
16.9 
12 B 
21 
46 B 
18.4 
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Table 6 .1 .5 . continued 
Zone 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Aqe in 
years 
50 
66 
70 
76 
31 
31 
33 
36 
37 
41 
44 
45 
45 
45 
45 
49 
50 
51 
52 
53 
54 
57 
58 
59 
59 
Plonth of 
death 
8 
6 
10 
10 
2 
11 
8 
5 
9 
11 
10 
6 
6 
10 
9 
11 
9 
8 
6 
6 
8 
6 
6 
6 
10 
Sex 
F 
P 
P 
P 
H 
M 
H 
M 
M 
N 
M 
H 
H 
N 
h 
N 
H 
M 
M 
N 
M 
N 
N 
M 
M 
Bq (kq Car1 
19.9 
19.8 
2.8 
31 
15.9 
29 
15.6 
27 
25 
18.2 
54 A 
15.4 A 
12.6 
14.3 
34 
24 
12.8 
13.6 
16.2 
11.0 
13.4 
31 A 
12.5 
18.8 
18.0 A 
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Tabic 6.1.5. continued 
Zone Age in 
years 
Month of 
death 
Sex Bq (kg Ca) _ 1 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
61 
61 
61 
62 
62 
70 
71 
72 
77 
6 
6 
10 
8 
9 
8 
9 
10 
10 
N 
H 
M 
H 
N 
M 
H 
H 
M 
14.2 
14.3 
24 
14.3 
39 
26 B 
13.1 A 
14.6 A 
20 A 
• 
O 
O 
(kg
 
* 
s 
100 
so 
Fig. 6.1.1. Strontiwn-90 levels (sarr.ple number weighted mean) 
in bone from newborn (< 1 month) 1961-1986. 
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Fig. 6.1.2. Strontivn-90 levels (sample number weighted Mean) 
in bone from infants (> 1 month < 4 years) 1962-1986. 
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Pig. 6 . 1 . 3 . Strontium-90 leve l s (sample number weighted mean) 
in bone from children (> 4 years £ 19 years) 1961-1986. 
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Fig. 6 . 1 . 4 . Strontium-90 l eve l s (sample number weighted mean) 
in bone from adalts (> 19 years <_ 29 years) 1961-1986. 
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Fig. 6.1.5. Strontium-90 laveIs (sample number weighted mean) 
in bone from adults (> 29 years) 1961-1986. 
- 200 -
Table 6.1.<. Strontiua-90 in himan vertebrae collected in 
Denaark in 19*6. (Unit: Bq (kq Ca)-1) 
Age group Nuaber of Hin. Max. Median Hean 
saaples 
New-born 
(< 1 month) 
Infants 
l< 4 years) 
Children 
(£ 19 years) 
Adults 
(£ 29 years) 
Adults 
(> 29 years) 
1 
21 
1 
6 
59 
10.2 10.2 10.2 10.2 
13.1 ISO 
13.4 28 
2.8 54 
30 
17 
38 
17.2 17.2 17.2 17.2 
18.7 
18.3 20 
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5 10 15 20 25 
AGE IN YEARS 
0 5 10 15 20 25 
AGE IN YFARS 
Fig. 6 .1 .6 . StrontiUB-90 in hunan bon« fro« Danish cohcrts 
1960-1966. Abscissa: age in years . Ordinat«: bon« leve l in 
90 - 1 Bq *uSr (kgCs) ' . 
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6.2. Radiocesium in the human body (by J. Søgaard-Hansen and 
B. Lauridsen) 
Whole-body measurements were initiated at Risø in July 1963 (cf. 
2.3 in Risø Report No. 851*. A control group from the Health 
Physics Department was selected and was measured three times a 
year. 
However, due to the decreasing ^7(;s content in the body the 
contribution from interfering radionuclides to the y-spectra 
has made the determination of 1^7cs unreliable and since 1978 
we have not published whole-body measurements. 
After the Chernobyl accident the whole-body measurements were 
resumed. The control group was essentially the old one but a 
few newcomers were added so that the group consisted of about 
20 persons, among them were a few children. 
x103 
7 
1
' ' ' ' ' 1 1 1 1 i 1 1 1 1 i i 1 1 1 1 1 1 1 1 1 1 i i i i i i i 1 1 1 1 1 1 i i 
1
 " » • • • I l i i i i i i n i i i n f n i i i i i i J i i i i i i i i i 
55 60 65 70 75 80 85 90 95 
YEAR 
21 ) 
Fig. 6.2.1. A comparison between observed (+1 S.E.) and calculated ' 
Bq 137cs (kg K)-1 levels in persons from the Islands. 
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In Pigure 6 . 2 . 2 the monthly mean va lues of 1 J*Cs + 1 J / C s body 
content are shown for men, women and c h i l d r e n . The f i g u r e f u r -
thermore shows the c a l c u l a t e d l e v e l s based upon the intake of 
radiocesium with food . In Figure 6 . 2 . 2 we omitted those persons 
i n the contro l group who had b.en on o f f i c i a l t r a v e l s to coun-
t r i e s with r e l a t i v e l y high contamination l e v e l s . I t appears 
t h a t the c a l c u l a t e d l e v e l s are in good agreement with those 
observed. The mean concentrat ion in the period September 1986 
- December 1986 was 1410 Bq 1 3 4 Cs + 1 3 7 Cs (kg K)"1 ( r e l a t i v e 
S .D. i 35%). 
200 . 
m O 
S 
100 . 
0 
) 
1 
: 
1 
1 
S ( 
' ^ ^ ^ 
: 
^s^ 
: men (*) 
i JT : women (°) 
. : children (o) 
}
 (1986) N B (month) 
Fig. 6.2.2« Radiocesium in Danish men, women and children from 
Sealand in 1986-1987. The 137Cs content i s approx. 0.7 times the 
total radiocesium (134Cs + 137Cs). The curves represent the 
calculated levels based upon diet measurements (cf. Fig. 6.2.1) . 
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Table 6.2« Radiocesium (*34+137(;S) in humans from Ris» 
and environment measured in 1986 
No. Date Sex Aqe Bq Cs (kq K) - 1 q K (kq)~ 
2 
M 
H 
M 
3 
II 
n 
H 
5 
6 
n 
it 
M 
7 
i« 
H 
It 
9 
it 
n 
n 
11 
H 
n 
14 
H 
It 
It 
15 
it 
n 
n 
9/9 -86 
13/10-86 
14/11-86 
9/12-86 
15/9 -86 
14/10-86 
20/11-86 
16/12-86 
11/9 -86 
8/9 -86 
21/10-86 
19/11-86 
18/12-86 
16/9 -86 
23/10-86 
18/11-86 
5/12-86 
9/9 -86 
23/10-86 
11/11-86 
16/12-86 
11/9 -86 
13/10-86 
11/11-86 
16/9 -86 
14/10-86 
19/11-86 
18/12-8#i 
11/9 -86 
23/10-86 
12/11-86 
11/12-86 
F 
F 
F 
F 
F 
F 
F 
F 
N 
N 
N 
M 
N 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
N 
M 
M 
F 
F 
F 
F 
43 
M 
M 
•t 
53 
N 
M 
t* 
36 
54 
n 
n 
n 
47 
*f 
n 
H 
58 
M 
tf 
It 
49 
n 
it 
44 
ft 
ft 
It 
45 
ft 
It 
It 
951 
1661 
1351 
1859 
1859 
1772 
2107 
1732 
2442 
491 
770 
1083 
1480 
1166 
R42 
1174 
1150 
1568 
1722 
1773 
2139 
1928 
2340 
2076 
866 
962 
950 
969 
883 
1028 
1353 
1290 
1.85 
1.72 
1.70 
1.63 
1.75 
1.95 
1.80 
1.51 
1.64 
1.50 
1.73 
1.65 
1.76 
1.35 
1.48 
1.48 
1.31 
1.41 
1.45 
1.58 
1.48 
1.28 
1.34 
1.34 
1.84 
2.01 
1.82 
1.82 
1.22 
1.47 
1.35 
1.38 
- 205 -
Table 6.2. continued 
No. Date Sex Aae Ba Cs (kq K)"1 a K (kg)" 
16 
17 
N 
« 
M 
18 
u 
n 
if 
19 
m 
n 
n 
20 
ft 
If 
n 
22 
24 
25 
26 
12/9 -86 
5/9 -86 
15/10-86 
13/11-86 
9/12-86 
11/9 -86 
23/10-86 
18/11-86 
17/12-86 
18/9 -86 
21/10-86 
20/11-86 
17/12-86 
9/9 -86 
15/10-86 
13/11-86 
16/12-86 
16/12-86 
22/12-86 
22/12-86 
22/12-86 
N 
M 
M 
M 
N 
F 
F 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
F 
F 
M 
F 
39 
27 
-
H 
« 
50 
n 
n 
M 
47 
H 
Iff 
It 
43 
n 
»f 
n 
5 
11 
10 
7 
838 
827 
2141 
2011 
2107 
1204 
1153 
966 
1144 
915 
1058 
1218 
1120 
1069 
1385 
1445 
1719 
1120 
1838 
1686 
2401 
1.74 
2.36 
2.07 
2.18 
2.42 
3.02 
1.66 
1.42 
1.35 
1.34 
1.38 
1.42 
1.41 
1.48 
1.68 
1.52 
1.60 
2.26 
1.61 
1.58 
1.77 
Mean* September 1986 1155 115 
Mean October 1986 1430 140 
Mean November 1986 1505 120 
Mean December 1986 1595 140 
•Monthly mean values (adults only) 134+137Cs Bq kg"1 1 S.E. 
An approximate estimate of the 137Cs content may be obtained 
by multiplyinq the Bq Cs (kq K)"1 with 0.7. 
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6.3. Radionuclides in human milk (by A. Aarkrog) 
A few samples of mothers milk wei? obtained after the Chernobyl 
accident. Table 6.3 shows the results obtained. 
Table 6.3. Radionuclides in human milk collected in Zealand 
in 1986. Unit: Bq 1_1 
Date Location 90Sr 13tI 137Cs 134Cs/137Cs 
May 11 Copenhagen - 1.86 
July N-Zealand 0.0027 A - 0.21 0.59 
Nov Roskilde - - 0.64 0.52 
Compared with cows milk from Zealand collected in July, the 
human milk concentrations were 1/5 for 137Cs and 1/15 for 90Sr. 
The levels in human milk agreed with those expected from diet 
measurements from Zealand in June, September and December 1986 
(cf. Tables 5.7.1-5.7.6). We have earlier found21) that for a 
daily production of 1 1 human milk, 20-33% of the daily 137Cs 
intake and 2-3% of the daily 90Sr intake are excreted in the 
milk. 
7. TRITIUM IN THE ENVIRONMENT 
by Heinz Hansen 
7.1. Introduction 
Tritium is produced naturally in the atmosphere by the interac-
tion of cosmic-ray protons and neutrons with nitrogen, oxygen 
or argon. Surface waters contain about 0.4 kBq m"3 from this 
source25^. Tritium is also produced and injected into the stra-
tosphere as the result of thermonuclear explosions. At present, 
this latter source has enhanced the natural inventory by about 
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a factor of ten25). Finally, tritium is produced as a by-product 
of the peaceful uses of atomic energy: it is released both dur-
ing reactor operation and fuel reprocessing. 
7.2. Assay of tritium in low-level amounts 
The present assays of tritium levels in water are based on a re-
lative enrichment of H,0 by electrolysis and subsequent liquid 
scintillation counting as previously described (Risø Reports 
Nos. 386 etc. 1 ) . 
We have found that the tritium background in the air in our 
laboratory makes it impossible to produce reliable results if 
the concentrations are below 2 kBq m~3. (Personal Communication 
6. Ostlund, 1984). Hence we have discarded such results. We 
have furthermore applied a backaround correction by subtraction 
of 1.2 kBg ^H
 m-3 from our measured values (cf. Appendix B in 
Risø-R-5271>). 
7.3. Summary of results 
The tritium results are showed in detail in the chapters where 
the samples belong. 
Tables 4.2.8 and 4.2.9 give the results for precipitation. The 
annual mean concentrations in rain in 1986 were: 3.2 kBq m~3 
at Risø, 0.7 at Tylstrup, 1.0 at Jyndevad and 1.2 at Bornholm. 
The concentrations at Risø were approximately 50% of those ob-
served in 1985, while the tritium levels at the 3 experimental 
farms were approximately 1.3 times those seen in 1985. The en-
hanced tritium levels at Risø were due to discharges of the 
DR-3 reactor at the site. The median concentration of tritium 
in Danish qround water (cf. Table 4.3.1) was 0.6 kBq 3H n»~3 or 
approximately 50% of the 1985 level. 
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The tritium concentrations in Danish streams and lakes were 
1.7 and 1.2 kBq 3H m~3, respectively (Table 4.3.2), i.e. nearly 
the same as in 1985. Danish drinking water contained 0.3 kBq 
3H m~3 in 1986 (Table 4.3.3). 
The tritium concentration in Danish straits was as earlier ob-
served inversely proportional to the salinity. 
The Chernobyl accident did not contribute significantly to the 
environmental levels of tritium in Denmark in 1986. 
8. MEASUREMENTS OP BACKGROUND RADIATION IN 1986 
by L. Bøtter-Jensen and S.P. Nielsen 
8.1. Instrumentation 
Measurements of the background radiation were made with thermo-
luminescence dosimeters (TLD's), and a Nal(Tl) detector. 
8.2. State experimental farms 
The State experimental farms are situated as shown in Fig. 4.2. 
The results of the TLD measurements are shown in Table 8.2.1. 
The results of the Nal(Tl) detector measurements are shown in 
Table 8.2.2. The impact of the Chernobyl fallout is evident 
from the latter table, especially from the measurements made in 
May. With the exception of the Askov location the TLD results 
do not show significant changes compared to last year. This is 
due to the relatively low contamination levels, except for 
Askov, the annual averaging and the sensitivity of the TL de-
tectors to the cosmic component. The Nal(Tl) detector has a 
very limited sensitivity to the secondary cosmic radiation. 
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Table 8.2.1. TLD-measurements of the background 
radiation (inteqrated over 12 months and normalized 
to yR h - 1) at the State experimental farms in 
1985/86 
Location Oct 1985 - Sept 1986 
UR h - 1 
Tylstrup 
Borris 
Ødum 
Askov 
St. Jyndevad 
Blangstedqård 
Tystofte 
Abed 
7.3 
7.1 
8.3 
8.7 
6.4 
-
8.5 
8.4 
Mean 7.8 
Table 8.2.2. Terrestrial exposure rates at the State 
experimental farms measured with the Nal(Tl) detector 
in 1986 (uR h"1) 
Location Nay July September November Mean 
Tylstrup 
Borris 
Kalø 
Askov 
St. Jyndevad 
Årslev 
Ledreborq 
Tystofte 
Abed 
Tornbygård 
4.0 
5.8 
4.9 
12.1 
4.4 
9.3 
5.8 
7.4 
7.1 
7.0 
3.8 
4.0 
4.7 
6.6 
3.5 
9.3 
5.7 
7.3 
7.1 
(6.7) 
3.3 
3.3 
3.0 
5.0 
2.8 
5.3 
5.2 
5.2 
4.8 
5.8 
3.1 
3.4 
3.8 
6.3 
2.4 
5.5 
4.9 
5.4 
5.6 
(5.4) 
3.6 
4.1 
4.1 
7.5 
3.3 
7.4 
5.4 
6.3 
6.2 
6.2 
Mean 6.8 5.9 4.4 4.6 5.4 
Pigures in brackets were calculated from VAR312>. 
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The Y-background measured with the Nal(Tl) d e t e c t o r in four 
groups of sampling s t a t i o n s i s shown in F i g . 8 . 2 . 1 from 1962 t o 
1986. The in f luence from the Chernobyl f a l l o u t i s shown t o af-
f e c t the groups d i f f e r e n t l y , according t o t h e i r geographical 
l o c a t i o n . 
2 0 I l I I I » l l I I l I I t I I I » I I l I I i I I I » I I I I I I 
Q I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i I 
65 70 75 80 85 90 95 
YEAR 
Fig. 8 .2.1. Terrestrial exposure rates at the State experimental 
favms in 1962-1976 and 1978-1986 measured with the Nal(Tl) de-
tector (uR h~' >• 
Åkirkeby/Tornbygård 
Abed, Blangstedgård/Arslev, Tystofte 
Virumgård/Ledreborg, Ødum/Kalø, TylBtrup 
— Jyndevad, Askov, Studs gar d/Borris 
8 . 3 . Risø environment 
The f i v e zones around Risø are located as shown i n F i g . 8 . 3 . 1 . 
The r e s u l t s of the TLD measurements are shown in Table 8 . 3 . 1 , 
and the r e s u l t s of the Nal (Tl ) d e ' e c t o r measurements are shown 
in Table 8 . 3 . 2 . 
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Tabilt tj,!-1. TLD-aeasureaents of the background 
radiation »7-aonth integration period and normalised 
to ;* h~') in five sones (I-V) around Risa in 1985/31 
Ris« sone Location Oct 1985/Sept 1986 
UR h-1 
I 1 8.« 
2 «•• 
3 17.4 
4 8.7 
5 1P.S 
Mean 10.« 
II 1 7.8 
2 8.4 
3 7.5 
4 8.4 
Hean 8.0 
III 1 8.2 
2 8.6 
3 8.0 
Mean 8.3 
IV 1 7.6 
2 8.S 
3 8.4 
4 8.1 
5 7.0 
6 8.0 
7 9.3 
Mean 8.1 
v 1 8.1 
2 9.8 
3 9.7 
4 7.« 
i 8.3 
6 8.3 
7 8.8 
8 9.2 
" 9 9.0 
10 7.9 
Mean 8.6 
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Table 1.3.2. Terrestrial exposure rates at the Ris* zones 
in 1986 Measure* with the wal(Tl) detector I »R h'1) 
Rise zone Location Pehruary April Auoust Noweaher 
1 
2 
3 
4 
5 
5.7 
5.« 
66.1 
S.< 
10.1 
5 .0 
C.2 
54.4 
5.7 
9 .2 
6 .2 
8.1 
5«.7 
6.« 
11.6 
5 .5 
7.1 
82 .2 
5.8 
10.7 
Mean 18.7 16.1 17.» 18.3 
II 5.0 
5.4 
4.9 
4.7 
4.6 
5.0 
5.1 
4.5 
5.9 
6.1 
6.1 
5.3 
5.1 
5.3 
4.6 
4.6 
Mean 5.0 4.8 5.8 4.9 
III 5.2 
4.7 
4.3 
5.4 
5.1 
4.4 
Mean 4.7 5.0 
IV 4.0 
4.5 
5.1 
4.3 
2.6 
4.0 
5.0 
4.4 
4.5 
4.9 
4.3 
2.9 
4.3 
4.6 
Mean 4.2 4.3 
10 
4.8 
5.1 
4.5 
4.4 
4.0 
4.8 
4.8 
4.9 
4.8 
3.5 
4.6 
5.4 
5.1 
5.1 
5.6 
4.4 
5.0 
4.S 
4.9 
3.* 
Mean 4.6 4.8 
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Fig. 8 .3.1. The environment of Risø. Locations for measurements 
of the background radiation. 
8 . 4 . Gyl l ing Næs environment 
The Gyl l ing Næs environment (a p o t e n t i a l nuclear power plant 
s i t e ) i s r o u t i n e l y monitored with TLD's, and the r e s u l t s from 
the s i t e are g iven in Table 8 . 4 . 1 . The l o c a t i o n s are shown in 
P ig . 8 . 4 . 1 . 
Table ».«.!. TLO-i*ea*ure»ents of th« oackground 
radiation (integrated ovtr 12 nontlu and normalized 
to uR h"') around th* Gyllingncs »ite in 1985/86 
Location 
1 
2 
) 
Oct 198S - Sept 198« 
BR h"1 
8.2 
8.8 
8.8 
Hean 8.6 
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10°E 20'E 
56°N 
45'N 
56°N 
*5'N 
10°E 20'E 
Pig. 8.4.1. The environment of Gylling Has. Locations for 
measurements of the background radiation. 
8«5. Great Belt and Langeland Belt areas 
Locations on both shores of the Great Belt and the Langeland 
Belt (an international shipping route) are l ikewise routinely 
monitored with TLD's; the resu l t s and locations are shown in 
Table 8.5.1 and Fig. 8 . 5 . 1 , respect ive ly 
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*0'E 11°E 
45' N 
30'N 
15N 
55° N 
45'N 
20'E 
40'E 11°E 20'E 
45N 
30N 
15'N 
55°N 
45'N 
rig. 8.5.1. The coasts of the Great Belt. Locations for Measurements 
of the background radiation. 
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Table 8.5.1. TLD-«ieusurements of the back-
ground radiation (integrated over 12 months 
and normalized to uR h"1) along the coasts 
of the Great Belt and Langeland Belt in 
1985/86 
Location Oct 1985 - SeDt 19B6 
MR h*1 
Resncs 
Reersø 
Svendstrup 
Vesternas 
Freder i lesdal 
Kelds Nor 
Tranekar 
Hov 
Pyns Hoved 
Knuds Hoved 
7.8 
9.1 
7.6 
9.5 
8.7 
12.3 
9.8 
8.7 
8.2 
-
Mean 9.1 
8.6. The Baltic island, Bornholm 
Locations on the island of Bornholm have been monitored with 
TLD's in the period April 1985-May 1986. The results and loca-
tions are shown in Table 8.6.1 and Fiq. 8.6.1, respectively. 
Table 8.6.1. TLD-measurements of the 
r.- :kground radiation (integrated over 
11 months and normalized to pR h~') 
on the island Bornholm in 1985/86 
Location April 1985 -.May 1986 
UR h_1 
1 9.8 
2 9.8 
3 9.2 
4 16.0 
Mean 11.2 
55°20'N 
55°00'N 
14° 30'E 15°00'E 15°30'E 
Flg» 8.6.1. Locations for measurements on Bornholm. 
8.7. Estimating the external dose from Chernobyl fallout in 
Denmark 
The environmental gamma-ray exposure rate has been measured at 
the 10 State experimental farms in May 1986, July 1986, Sep-
tember 1986, November 1986, April 1987 and September 1987. The 
natural levels were subtracted from these measurements. The 
natural levels were the means of the measurements in August 
1985 and December 1985, i.e. prior to the Chernobyl accident. 
The net exposure rates in May 1986 were related to the accumu-
lated 137cs from Chernobyl at the various locations (by Sep-
tember 1986). The followina relationship was found: 
MR h_1 * 0.0025 Bq 137Cs m-2 - 0.44 (Eg. 1) 
The net exposure rate due to Chernobyl debris at the State ex-
perimental farms decayed after a power function. This function 
10 0 
• 
h # 
10 20 km 
• 
2> 
—ft/ 
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was determined from the data obtained from Askov, St. Jyndevad, 
Årslev and Ledreborg. 
The data were normalized to those observed in May 1986: 
relative exp. rate: 0.1274 x - 0* 7 3 2 8 (Eq. 2) 
where X is the time in years. 
We may now assume that all locations in Denmark follow this 
time dependence when normalized to the exposure rates in May 
1986. The mean deposition of *37Cs from Chernobyl was determined 
to 1290 Bq 137Cs m~2 by September 1986. If this level is in-
serted in Eq. 1 we get the countrywide mean exposure rate in 
May 1986 of 2.785 yR h~^ corresponding to 24.4 mR yr-1. Eq. 2 
has a value of 1.348 in the middle of May 1986 (X = 0.04 yr) 
and this value corresponds to 24.4 mR yr~1 in absolute terms. 
Hence Eq. 2 becomes: 
, 24.4x0.1274
 n •,,„, mR yr ' =
 x-o.7JZB (Eq# 3 ) 
1.348 
or 
mR yr"1 = 2.3 X-0*73 
In order to calculate the total air exposure from y -emitters 
deposited in Denmark after Chernobyl we may inteorate Eq. 3: 
J3 2.3 X-0-73 dx « \llL X°-27] 
0.02 L0.27 J0.02 
« 8.52 [2.76-0.35] - 20.5 mR 
The integration period chosen is from the data when the Cherno-
byl fallout arrived with the rain over Denmark (7-8 May 1986) 
to the radiological mean-life of 137Cs (43 years). 
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UNSCEAR (1982) assumes that the air dose may be transferred to 
an organ dose by multiplication with 0.3. This factor includes 
a factor of 0.7 taking account for the change of material (air 
to tissue) and for back-scatter and shielding by other tissues 
of the body. Furthermore, the factor of 0.3 includes the shield-
ing from buildings assumed to be 20%. 
The factor finally takes account for the time spent indoors 
(80%). However, if the air dose is measured in rural districts 
as it is in Denmark, the factor of 0.3 is an overestimate of 
the dose encountered in urban areas where the deposition is 
significantly lower and the removal of the activity is higher 
than in rural districts. Furthermore, the shielding effects of 
buildings are higher in urban areas and the time spent indoors 
is longer than in the country site. Thus we will assume that 
urban organ doses are only 0.1 times those received in rural 
sites. In Denmark about 20% of the population lives in urban 
sites and the rest in rural districts. Hence the external dose 
commitment from Chernobyl becomes: 
0.80 [0.205x0.3] + 0.20 [0.205x0.3x0.1] = 0.050 mSv 
The first-year dose can be estimated by integrating Eq. 3 from 
0.02 to 1 year, which qives a value of 5.6 mR. Thus the external 
first-year dose from Chernobyl can be estimated at: 
0.80 [0.056x0.3] + 0.20 [0.056x0.3x0.1] = 0.014 mSv 
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9. CONCLUSION 
9.1. Environmental monitoring at Risø, Barseback and Ringhals 
No radioactive contamination of the environment oriqinating from 
the operation of the National Laboratory was ascertained outside 
Rise* in 1986 except minor amoints of tritium in the fjord water 
collected close to Risø. For a person eating 100 ka fish per 
year caught just outside Risø, and containing 0.2 kBq 3H from 
Risø, the annual dose becomes 3.3 * 10~9 Sv or 1.5 * 10~6 times 
the dose from the natural background radiation. 
Benthic brown algae, mussels and fish collected at the Swedish 
nuclear plants at Barseback and Ringhals were analysed for 
radioactive pollution. Transfer factors from releases of various 
radionuclides to Fucus were calculated. The radioactive contami-
nation of the marine environment due to the operation of the 
Swedish nuclear power plants resulted into doses of less than 
1% of the background radiation to any individual eating 20 kg 
mussel and 100 kg fish per year. 
9.2. Fallout in the abiotic environment 
The mean content of ^nSr in ai r collected in 1986 was 26 uBg 
m"3 (0.7 fCi 90Sr m ~ 3 ) , i.e. 87 times of the 1985 level. The 
mean concentration of 137Cs in air was 1340 yBq m~3 in 1986, 
i.e. nearly 2000 times more than in 1985. The average fallout 
at the State experimental farms in 1986 was 38 Bq 90Sr m"2 
(1.03 mCi 90Sr km'2) or 48 times the 1985 figure, and the mean 
concentration of 90Sr in rain water was 63 Bq 90Sr n>~3 (1.70 
pCi 90Sr l" 1). The deposition of 137Cs was 1070 Bq m"2 (meas-
ured in precipitation) and 1360 Bq 137Cs m~2 measured in soil 
samples. 
By the end of 1986 the accumulated fallout was approximately 
1570 Bq 90Sr m-2 ( 4 2 mci 90Sr km - 2). The corresponding 137Cs 
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was estimated at 3760 Bq m~7. Hence the Chernobyl accident in-
creased the accumulated 137Cs fallout in Denmark by 50%. 
The median level of 9uSr in Danish qround water was 0.12 Bq m~3 
(3.3 fCi 90Sr 1 _ 1). 
Inner Danish surface waters (salinity ~ 16 o/oo) contained 22 
Bq 90Sr m - 3 (0.59 pCi 90Sr l"1) and 97 Bq 137Cs m~3 (2.6 pCi 
137Cs l - 1). Compared with 1985 the 9uSr level was nearly un-
changed in 1986, but the 137Cs concentration increased by a 
factor of 4.6. 
9.3. Fallout nuclides in the human diet 
The mean level of 9uSr in Danish milk was 64 Bq (kg Ca)-1 (1.7 
S.U.), and the mean content of 
137Cs 
was approximately 1060 Bq 
m-3 (28.6 pCi 137Cs l - 1). 
The 1986 9uSr level was 1.07 times the level found in milk pro-
duced in 1985, but the 137Cs was 14 times higher. The 90Sr mean 
content in grain from the 1986 harvest was 0.47 Bq kq~1 (13 pCi 
90Sr kg"1). The 137Cs mean content in grain was 3.3 Bq kg-1 (90 
pCi 137Cs kq"1). The 90Sr level in qrain from the 1986 harvest 
was 1.15 times the level found in the 1985 harvest, and 1 37Cs 
was 41 times the 1985 level 
The mean contents of 9uSr and 137Cs in Danish vegetables col-
lected in 1986 were 0.25 Bq 90Sr kg"1 (6.8 pCi kg"1) and 0.17 Bq 
137Cs kg"1 (4.5 pCi kg - 1), respectively, and in fruit 0.067 Bq 
90Sr kg"1 (1.8 pCi kg"1) and 0.068 Bq 137Cs kg"1 (1.8 pCi kg"1); 
potatoes contained 0.039 Bq 90Sr kg"1 (1.0 pCi kg"1) and 0.20 
Bq 137Cs kg"1 (5.3 pCi kg"1). 
The mean levels of 90Sr and 137Cs in Danish total diet in 1986 
were 98 Bq 90Sr (kg Ca)"1 (2.6 S.U.) and 370 Bq 137Cs (kg K)" 1 
(10 M.U.), respectively. The levels of 90Sr and 137Cs in the 
Danish total diet in 1986 were respectively 0.94 and 7 times 
those observed in 1985. 
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Grain products contributed 29% and milk products 33% to the 
total 90Sr intake; 18% of the 137Cs in the diet originated from 
grain products, 13% from meat, and 37% from milk products. Fish 
contributed with 11% to the 137Cs diet intake. 
The predicted levels of ^37Cs in Danish food products based on 
global fallout models were in general much higher than those 
actually observed in 1986. This was because nearly all the Cher-
nobyl fallout arrived in May, when the crops were just beginning 
to appear. Hence only little of the Chernobyl debris was re-
tained by the vegetation. A prerequisite for using the models 
based on global fallout data is that the fallout has an annual 
distribution similar to that of global fallout and this was not 
the case for the Chernobyl fallout. 
9.4. Strontium-90 and Cesium-137 in humans 
The 90Sr mean content in human bone (vertebra) collected in 
1986 was about 20 Bq (kg Ca)"1 (0.5 S.n.). 
Whole-body measurements of 137Cs were resumed after the Cher-
nobyl accident. The measured mean level in 1986 was 950 Bq 137Cs 
(kg K)" 1 (16.1 pCi 137Cs (g K)"1). 
9.5. Tritium in environmental samples 
The tritium mean concentration in ground, stream, lake and 
drinking water was approximately 1 kBq m~3 in 1986. The mean 
content of precipitation was also 1.0 kBq m~3. 
9.6. Background radiation 
The average total backqround exposure rate measured with TLD's 
at the State experimental farms was 7.8 p R h~K This is only 
slightly higher than last year (7.5 yR h"1) and illustrates the 
low level of contamination in Denmark from the Chernobyl ac-
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cident. The annual mean of the terrestrial exposure rates at 
the State experimental farms measured with the Nal(Tl) detec-
tor was 5.4 yR h~1, which is significantly higher than last 
year (4.2 MR h - 1 ) . It must be noted that these measurements 
were all made after the Chernobyl accident and they are not 
representative for the true annual means as the TLD results 
are. 
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APPENDICES 
Appendix A 
Poreign Chernobyl samples 
After the Chernobyl accident we received a few samples from 
other countries collected by Danish visitors. The results of 
the analysis are shown in Tables A.I-A.3. 
The lorry dust from Brest (Table A.I) was the only sample young 
enough to contain very short-lived radionuclides, such as the 
iodine isotopes and 239Np. The concentrations of the various 
radionuclides in the dust are not very informative; but the 
activity ratios between the different nuclides are useful and 
therefore reported. They may be compared with those found in 
Denmark, in Bukarest (Table A.2) and in Kiev (Table A.3). It 
appears that the isotopic ratios are very similar for the 4 
locations. But the relative ratios to ^37Cs
 v a r v wjth the dis-
tance from Chernobyl as discussed in Reference 20. 
In the soil sample from Bukarest in Romania (Table A.2) it ap-
pears that 95% of *37Cs comes from Chernobyl. The sample was 
collected to a depth of 5 cm. In case of 239,240
 P u -JO% were 
from Chernobyl. As we have no 
89Sr 
determination on this sample 
we do not know how much of the 9^Sr
 w a s from Chernobyl; but if 
we assumed 137Cs/90Sr in global fallout equal to 1.6, we can 
estimate the 90Sr global fallout: 1Q20P,-g7Q0,
 s 3 1 0 B q m-2 < A s 
90Sr moves faster in the soil than 137Cs the 137Cs/90Sr in 
global fallout may probably be higher than 1.6. Hence 310 Bq m"2 
is an upper estimate of the global fallout derived 90Sr. A lower 
limit for 9uSr coming from Chernobyl in Bukarest should then be 
1040-310 » 730 Bq m~2, and 90Sr/137Cs in Chernobyl debris in 
Bukarest should have been at least 0.08, This is higher than 
seen in Denmark, but lower than found in the USSR. The ratio 
between Chernobyl derived 239,240Pu an(j 137QS became 2x10~4 in 
the Bukarest soil, which is lower than seen in the Kiev soil 
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(35xlO~4) and in the Brest lorry dust (7.5x10~4) but higher than 
seen in Baltic Sea air dust (0.45*10~4) (cf. Table 4.1.4.3). 
The grass turf from Kiev (Table A.3) showed inhomogeneities 
with respect to transuranic elements. The sample contains in 
qeneral higher relative amounts of refractory elements such as 
95zr, radiocerium and transuranics than the other Chernobyl 
samples in this report. This is explained by the proximity of 
Kiev to the accident site (~ 100 km). 
Appendix A.I. Dust from Danish lorry 
passing Brest, Ukraine 26-27 April 1986. 
All data are decay corrected to 
April 26, 1986 
9 5 S r / 1 3 7 C s 
9 5 2 r / 1 3 7 C s 
103R u /137C s 
'«°Ba/137Cs 
141C e /137C s 
239,240 P u / 137 C s 
«
9 Sr / 9 0 Sr 
103R u /106R u 
134 C s / 137 C s 
1«'ce/ 1 4 4 Ce 
238 P u / 239,240 P u 
242Cm/243,244Cm 
241A m /239,240P u 
242C m /239,240P u 
131l /137C 8 
132T < ! /137C 8 
2 3 9 Np/ 1 3 7 Cs 
2 3 V 1 3 7 C S 
0.28 
1.7 
3.3 
3.9 
1.6 
0.75 x 
17 
4.3 
0.53 
1.35 
0.40 
91 
0.061 
8.0 
18 
12 
19 
1.1 
10-3 
T36C8/137C8 0.26 
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Table A.2. Soil sample collected in Bukarest, 
June 10, 1986. All data are decay corrected 
to April 26, 1986 
... _ 
9«Sr 
95 Z r 
103RU 
106Ru 
134Cs 
137Cs 
i«oBa 
141Ce 
'
44Ce 
238pu 
239,240Pu 
241Am 
242Cm 
—"-""*"" 
Bq m' 
1040±; 
1160 
28000 
7000 
5300 
10200* 
41000 
3100 
2400 
1 
20* 
6 
21 
-2 
210 
.. .._ .. ... _. 
Bq kg"1 
17 ± 3.4 
19 
460 
114 
86 
168 
680 
52 
40 
0.016*0.001 
0.33 *0.01 
0.10 '0.01 
0.34 
N 
3 
2 
2 
2 
•If 134Cs/137Cs in Chernobyl debris is 0.5420' the 
deposition of 137Cs from Chernobyl becomes 
9700 Bq m"2. 
+If the 242Cm/239'240Pu in Chernobyl debris is 
10.620> the deposition of 239,240Pu f r o m Chernobyl 
becomes 1.96 Bq m"2. 
The eriror term is 1 S.D. 
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Table A«3« Grass turf collected in Xiev September 1986. 
All data are decay corrected to April 26, 1986 
1st determination 2nd determination 
89Sr 
*°Sr 
952r 
"»Ru 
I«**, 
llOm^ 
125sb 
"•es 
137C, 
140B, 
"Ice 
144Ce 
238Pu 
239,240Pu 
241Pu 
241A* 
2«2Cm 
243,244Cm 
505 kBq m~2 
36 - • -
1880 - " -
1370 - * -
290 - " -
1.5- " -
6.9- " -
49 - " -
100 - " -
2400 - • -
1820 - " -
1260 - • -
84 Bq a - 2 
190 - • -
14900 - • -
25 - • -
2600 - " -
24 - • -
190 Bq 
510 -
32000 -
52 -
4600 -
31 -
-2 
appendix B. Statiatical information 
Zona Araa in Population Annual milk Annual whaat Annual rya Annual potato Qraaa and 
km3 in production production production production graan fodder 
thousand« in mega-kg in maga-kg in maga-kg in maga-kg production 
in maga-kg 
15) 28) 1985 13) 1985 13) 1985 13) 1995 13) 1985 13) 1985 
I: North Jutland 6,171 492 893 
IIJ east Jutland 7,561 909 1,427 
HI« West Jutland 12,104 711 1,326 
IVt South Jutland 3,929 250 663 
Vt Punen 3,486 455 357 
VI: Zealand 7 435 2,115* 306 
VXIi U>1land-Palater 1,795 141 76 
Villi Bornholm 588 47 51 
Total 43,069 5,110 5,099 1,972 565 1,100 20,115 
*1,170,000 people were living in Greater Copenhagen and 945,000 in the remaining part of Zealand. 
980 425 MO 17,649 
3 
I 
992 140 120 2,536 
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APPENDIX C 
For the calculation of the '37Cs levels before 1986 we have as-
sumed the 137Cs/90Sr ratio equal to 1.6 because that was the 
ra t io used in reference 21. 
Appendix C.l. Comparison between observed and predicted ,0Sr levels in environmental samples 
co l l ec ted 
Sample 
Dried milk 
m m 
Ry« 
n 
Barley 
* 
Wheat 
m 
Oats 
w 
Potatoes 
N 
Cabbage 
» 
Carrot 
n 
Apples 
Pork 
Beef 
Eggs 
Total d i e t 
* H 
Human bone 
Whole year 
in 
C 
p 
> 
1986 
29 yr 
grass 
Pucus ves iculosus 
Ground water** 
Stream water 
Lake water 
Location 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Denmark 
•• 
H 
m 
* 
m 
n 
Islands 
» 
Denmark 
H 
• 
Bq 
Bq 
Bq 
Bq 
Unit 
9 0 Sr (kg Ca)"1 
— * — 
9 0 s r kg"' 
» * — 
• * — 
« " • 
•m
 m
 — 
- " — 
_ • _ 
— *• — 
—
 St _ 
__ m _ 
— * — 
_ •• • 
- • — 
- * -
- *• — 
. •» -
— * — 
• * • 
9 0 Sr (kg C a r 1 
* * -
- *• — 
— * _ 
- * » 
»°Sr nr* 
— " • 
- *• . 
Observed 
75 
47 
0.5? 
0.31 
0.51 
0.29 
0.45 
0.29 
0.87 
0.43 
0.040 
0.039 
0.20 
0.24 
0-23 
0.27 
0.0088 
0.025 
0.003 
0.017 
109 
87 
20 
460 
250 
0.30 
9.7 
27.5 
Predicted 
166 
81 
0.55 
0.25 
0.73 
0.31 
0.59 
0.28 
1.41 
0.69 
0.101 
O.093 
0.32 
0.28 
0.52 
0.17 
0.054 
0.031 
0.051 
0.037 
168 
148 
37 
1430 
470 
0.28 
12.6 
9.6 
Obs. /pred. 
0.45 
0.58 
0 .93 
1.24 
0.70 
0.94 
0.76 
1.04 
0.62 
0 .62 
0.40 
0.42 
0 .63 
0.86 
0.44 
1.59 
0.16 
0.81 
0.06 
0.46 
0.65 
0.59 
0.54 
0.32 
0.53 
1.07 
0.77 
2.86 
Model in 
reference (21) 
C.3 .2 .1 
—
 m
 _ 
C . 2 . 2 . 1 
- - -
- « _ 
— * • 
• * — 
— * -
- - -
C . 2 . 5 . 1 
_ II _ 
_ « _ 
- * — 
_ m _ 
C . 3 . 4 . 1 
- •» • 
C . 3 . 6 . 1 
C . 4 . 2 . 1 
• • *• — 
C . 4 . 3 , 1 
C . 2 . 4 . 1 
C . 2 . 7 . 1 
C . 1 . 4 . 1 
_ n
 — 
— " • 
No. t 
No. 3 
No. 1 
No. 3 
No. 4 
Ho. 6 
No. 8 
No. 10 
No. 12 
No. 13 
No. 8 
Ho. 10 
No. 1 
No. 3 
No . 5 
No. 6 
No . 13 
No. 3 
No, 1 
NO. 6 
No . 1 
No. 7 
Jo. 13 
No. 1 
No . 3 
NO. 1 
No. 3 
NO. 6 
**Mean of all ground water sample' c;rcept Peldbak (cf. 4.3.1). 
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Append1« C.2. Coaparison between observed and predicted '"es levels in environmental samples 
collected in 1986 
Sample Location Unit Observed Predicted Obs./pred. Model in 
reference (21) 
Dried milk 
*» n 
Rye 
* 
Barley 
w 
Wheat 
m 
Oats 
• 
Potatoes 
m 
Cabbage 
Carrot 
Apples 
Pork 
Beef 
Egg« 
Total diet C 
* m p 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Jutland 
Islands 
Denmark 
m 
m 
m 
w 
• 
« 
N 
Bq 
Bq 
Bq 
'37C» 
w si 
'3'cs 
- * 
1 3 7 C 8 
— » 
(*9 
-
*«~ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
(kg 
-
K)-' 
1 
K)"' 
1010 
790 
10.4 
12.2 
0.80 
0.99 
0.57 
0.71 
0.76 
0.71 
0.35 
0.042 
0.21 
0.103 
1.70 
0.6O 
2.1 
0.164 
390 
354 
4700 
2400 
58 
59 
50 
40 
50 
34 
41 
37 
4. 
3. 
1. 
1. 
2. 
20 
30 
0. 
1890 
2090 
5 
6 
01 
85 
4 
016 
0.21 
0.33 
0.18 
0.21 
0.02 
0.02 
0.01 
0.02 
0.02 
0.02 
0.08 
0.01 
0.21 
0.06 
0.71 
0.03 
0.07 
10.3 
0.21 
0.17 
C.3.2 
- - -
C.2.2 
_ m _ 
— " — 
— * — 
—
 H
 — 
_ n
 w 
— " . 
C.2.5. 
— " — 
_ n _ 
— * ™ 
C.2.5. 
C.3.4. 
_ It
 — 
C.3.6. 
C.4.2. 
• * — 
2 
4 
3 
3 
2 
2 
2 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
NO. 
No. 
NO. 
No. 
NO. 
No. 
No. 
No. 
No. 
1 
3 
1 
3 
4 
5 
6 
7 
8 
9 
5 
7 
1 
3 
11 
3 
1 
6 
1 
6 
Appendix C.3. Deposition in 1986 in Bq m"z 
,0Sr Jan-Dec 
137Cs*Jan-Dec 
,0Sr July-Aug 
90Sr Hay-Aug 
137Cs July-Aug 
,37Cs Hay-Aug 
Jutland 
40 
1340 
2.05 
28.8 
(94) 
790 
Islands 
37 
1080 
1.76 
26.05 
(63) 
754 
Denmark 
38.5 
1210 
1.91 
27.41 
(78) 
772 
*Nean of precipitation and soil measurements. 
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APPENDIX D 
li' 
Annual fallout rate in mCi 90Sr km"2 y"1 or in Bq 90Sr m~2 y"1. 
Accumulated fallout by the end of the year (i) assuming effec-
tive half-lives of 90Sr of 28.8 y. Unit: mCi 90Sr km"2 or Bq 
9
°Sr m"2. 
di(May-Aug) a n d di(July-Aug): 
The fallout rates in the periods: May-Aug and July-Aug, respect-
ively. Unit: mCi 9^Sr km-2 period"1 or Bq 90sr m~2 period-1. 
The fallout rate (d^) was based on precipitation data collected 
for all Denmark in the period 1962-1984 (cf. Table 4.2.11)). 
Before 1962 the levels in the tables were estimated from the 
HASL data for New York (HASL Appendix 291, 1975)29> considering 
that the mean ratio between 9^Sr fallout in Denmark and New York 
was 0.7 in the period 1962-1974. 
The <H(May-Aug) a n d di(July-Aug) values were also obtained from 
4.21) for the period 1962-1984. For the years 1959-1961 the 
values were calculated from data obtained from 9^Sr analysis 
of air (1959) and precipitation samples (1962 and 1961) col-
lected at Risø. Before 1959, the values were estimated from the 
corresponding d^ values assuming that the ratios di(may-Aug)/di 
and d^(July-Aug)/di were constant in time and equal to the means 
found for the period 1962-1974, which were 0.54 (1 S.D.: 0.09) 
and 0.24 (1 S.D.: 0.06), respectively. 
Table D.I shows the mCi 
90Sr 
km"2 figures and Table D.2 gives 
the Bq m"2 values. 
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Append!« D.I. Fallout rates and accumulated fallout (»Ci ,0Sr km"2) in Denmark 1950-198* 
Denmark Jutland Islands 
Year di Ai<28.82) ** **<28.82) d i AM28.82) 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
19H4 
1985 
198« 
0 . 0 2 1 
0 . 1 0 1 
0 . 1 9 8 
0 . 5 0 0 
1 .901 
2 . 5 0 1 
3 .101 
3 . 1 0 1 
4 . 3 0 2 
6 . 1 0 2 
1 .140 
1 .481 
7 . 4 2 8 
16 .695 
10 .412 
3 . 9 5 4 
2 . 1 4 5 
1 .047 
1 .403 
1 .035 
1 .647 
1 .506 
0 . 4 3 5 
0 . 1 9 2 
0 . 7 1 0 
0 , 4 1 4 
0 . 1 0 3 
0 . 3 8 4 
0 . 4 6 3 
0 . 1 6 6 
0 . 0 9 5 
0 . 4 5 1 
0 . 0 4 6 
0 . 0 3 6 
0 . 0 2 9 
0 . 0 2 2 
1 .041 
0 . 0 2 0 
0 . 1 1 8 
0 . 3 0 9 
0 . 7 8 9 
2 . 6 2 3 
4 . 9 9 7 
7 . 8 9 8 
10 .728 
1 4 . 6 5 8 
2 0 . 2 4 7 
2 0 . 8 5 9 
2 1 . 7 8 7 
2 8 . 4 9 3 
4 4 . 0 7 1 
5 3 . 1 3 6 
5 5 . 6 7 9 
5 6 . 3 9 5 
5 6 . 0 2 3 
5 6 . 0 0 6 
5 5 . 6 3 2 
5 5 . 8 6 3 
5 5 . 9 5 1 
5 4 . 9 9 3 
5 3 . 8 2 1 
5 3 . 1 8 3 
5 2 . 2 7 2 
5 1 . 0 8 2 
5 0 . 2 0 4 
4 9 . 4 2 6 
4 8 . 3 7 9 
4 7 . 2 4 4 
4 6 . 3 5 8 
4 5 . 2 5 7 
4 4 . 1 7 4 
4 3 . 1 1 0 
4 2 . 0 * 7 
4 2 . 0 4 2 
0 . 0 2 2 
0 . 1 1 4 
0 . 2 2 4 
0 . 5 6 6 
2 . 1 5 2 
2 . 8 3 1 
3 . 5 1 0 
3 . 5 1 0 
4 . 8 6 9 
6 . 9 0 8 
t . 2 9 1 
1 .676 
7 . 9 7 6 
1 8 . 4 5 3 
1 1 . 6 8 5 
4 . 2 0 4 
2 . 1 6 6 
1 .176 
T .568 
1 . 2 4 1 
1 .993 
1 .726 
0 . 4 5 7 
0 . 2 1 5 
0 . 7 7 9 
0 . 4 5 2 
0 . 1 1 6 
0 . 4 0 5 
0 . 5 3 8 
0 . 1 7 4 
0 . 1 1 4 
0 . 3 0 9 
0 . 0 4 8 
0 . 0 3 6 
0 . 0 3 3 
0 . 0 2 0 
1.081 
0 . 0 2 1 
0 . 1 3 2 
0 . 3 4 7 
0 . 8 9 1 
2 .967 
5 . 6 5 5 
8 . 9 3 9 
12 .142 
1 6 . 5 9 1 
2 2 . 9 1 8 
2 3 . 6 1 0 
2 4 . 6 6 1 
3 1 . 8 3 0 
4 9 . 0 4 1 
5 9 . 2 2 5 
6 1 . 8 6 1 
6 2 . 4 4 5 
6 2 . 0 4 8 
6 2 . 0 4 5 
6 1 . 7 2 1 
6 2 . 1 4 0 
6 2 . 2 8 8 
6 1 . 1 9 4 
5 9 . 8 9 1 
5 9 . 1 7 1 
5 8 . 1 5 0 
5 6 . 8 2 6 
5 5 . 8 2 7 
5 4 . 9 8 5 
5 3 . 8 1 0 
5 2 . 5 5 6 
5 1 . 5 5 9 
5 0 . 3 3 2 
4 9 . 1 2 3 
4 7 . 9 4 1 
4 6 . 7 7 6 
4 6 . 6 7 4 
0 . 0 2 0 
0 . 0 8 8 
0 . 1 7 2 
0 . 4 3 4 
1 .650 
2 . 1 7 1 
2 . 6 9 2 
2 . 6 9 2 
3 .734 
5 . 2 9 7 
0 . 9 9 0 
1 .285 
6 . 9 8 0 
1 4 . 9 3 7 
9 . 1 3 9 
3 .704 
2 . 1 2 4 
0 . 9 1 8 
1 .237 
0 . 8 2 9 
1 .301 
1 .286 
0 . 4 1 3 
0 , 1 6 8 
0 . 6 4 3 
0 . 3 7 6 
0 . 0 9 0 
0 . 3 6 2 
0 . 3 8 8 
0 . 1 5 6 
0 . 0 7 8 
0 . 2 6 9 
0 . 0 4 3 
0 . 0 3 7 
0 . 0 2 6 
0 . 0 2 3 
1 .000 
0 . 0 2 0 
0 . 1 0 5 
0 . 2 7 0 
0 . 6 8 7 
2 . 2 7 9 
4 . 3 4 0 
6 . 8 5 t i 
9 . 3 1 3 
1 2 . 7 2 5 
1 7 . 5 7 6 
1 8 . 1 0 7 
1 8 . 9 1 3 
2 5 . 1 5 5 
3 9 . 1 0 1 
4 7 . 0 4 8 
4 9 . 4 9 7 
5 0 . 3 4 5 
4 9 . 9 9 7 
4 9 . 9 6 8 
4 9 . 5 4 2 
4 9 . 5 8 6 
4 9 . 6 1 5 
4 8 . 7 9 2 
4 7 . 7 5 0 
4 7 . 1 9 7 
4 6 . 3 9 7 
4 5 . 3 3 9 
4 4 . 5 8 1 
4 3 . 8 6 7 
4 2 . 9 4 7 
4 1 . 9 3 2 
4 1 . 1 5 9 
4 0 . 1 8 4 
3 9 , 2 2 7 
3 8 . 2 8 3 
3 7 . 3 6 0 
3 7 . 4 1 2 
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Denaark 
di di 
(Hay-Aug) (July-Aug) 
0.01 
0.05 
0.11 
0.27 
1.03 
1.35 
1.67 
1.67 
2.32 
2.SO 
0.47 
0.66 
4.223 
9.965 
6.235 
2.029 
1.049 
0.367 
0.848 
0.614 
0.908 
0.992 
0.253 
0.075 
0.421 
0.159 
0.032 
0.178 
0.232 
0.086 
0.051 
0.175 
0.022 
0.013 
0.013 
0.0086 
0.74 
0.01 
0.02 
0.05 
0.12 
0.46 
0.60 
0.74 
0.74 
1.03 
0.68 
0.31 
0.47 
1.857 
5.629 
2.568 
0.850 
0.418 
0.141 
0.426 
0.276 
0.547 
0.405 
0.084 
0.033 
0.190 
0.075 
0.010 
0.107 
0.096 
0.030 
0.022 
0.060 
0.0071 
0.0048 
0.0075 
0.0054 
0.052 
Jutland 
(Hay-Auq) (July-Aug) 
0.01 
0.06 
0.12 
0.31 
1.16 
1.53 
1.90 
1.90 
2.63 
2.76 
0.52 
0.73 
4.566 
10.753 
7.170 
2.094 
0.984 
0.380 
0.910 
0.723 
1.076 
1.154 
0.262 
0.093 
0.463 
0.179 
0.032 
0.164 
0.275 
0.087 
0.064 
0.176 
0.024 
0.015 
0.016 
0.0075 
0.78 
0.01 
0.03 
0.05 
0.14 
0.52 
0.68 
0.84 
0.84 
1.17 
0.75 
0.34 
0.52 
2.052 
5.932 
2.910 
0.852 
0.496 
0.134 
0.460 
0.319 
0.632 
0.516 
0.084 
0.039 
0.219 
0.091 
0.011 
0.085 
0.098 
0.031 
0.025 
0.058 
0.0085 
0.0055 
0.0090 
0.0046 
0.055 
Islands 
di(Nay-Aug) di(July-AuQ) 
0.01 
0.05 
0.09 
0.23 
0.89 
1.17 
1.45 
1.45 
2.01 
2.24 
0.42 
0.590 
3.880 
9.177 
5.299 
1.964 
1.114 
0.354 
0.786 
0.505 
0.740 
0.830 
0.244 
0.057 
0.378 
0.157 
0.032 
0.190 
0.188 
0.084 
0.038 
0.174 
0.020 
0.0114 
0.0106 
0.0088 
0.70 
0.01 
0.02 
0.04 
0.10 
0.40 
0.52 
0.65 
0.65 
0.90 
0.61 
0.28 
0.42 
1.662 
5.327 
2.226 
0.848 
0.340 
0.148 
0.392 
0.233 
0.462 
0.294 
0.084 
0.027 
0.162 
0.060 
0.009 
0.129 
0.093 
0.029 
0.0180 
0.061 
0.0058 
0.0043 
0.0059 
0.0062 
0.048 
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Append!« D.2. Fallout rates ana accumulated fallout (Bq 90Sr m~2) in Denaark 1950-1986 
Denmark Jutland Islands 
Year di *i(28.82) d i *i(28.82) d i Ai(28.S2) 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1970 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
0.777 
3.737 
7.326 
18.500 
70.337 
92.537 
114.737 
114.737 
15*.174 
225.774 
42.180 
54.797 
274.836 
617.715 
385.244 
146.298 
79.365 
38.739 
51.911 
38.295 
60.939 
55.722 
16.095 
7.104 
26.270 
15.318 
3.811 
14.208 
17.131 
6.142 
3.504 
10.662 
1.691 
1.344 
1.094 
0.806 
38.5 
0.759 
4.389 
11.436 
29.225 
97.196 
185.224 
292.833 
397.884 
543.820 
751.306 
774.629 
809.716 
1058.779 
1636.653 
1973.849 
2069.764 
2098.057 
2086.017 
2087.122 
2074.909 
2085.092 
2089.939 
2055.987 
2014.063 
1991.847 
1959.467 
1916.622 
1884.946 
1856.876 
1818.745 
1778.945 
1747.079 
1707.212 
1667.954 
1629.185 
1591.452 
1591.218 
0.814 
4.218 
8.288 
20.942 
79.624 
104.747 
129.870 
129.870 
180.153 
255.596 
47.767 
62.012 
295.112 
682.761 
432.345 
155.548 
80.1 2 
43.512 
58.016 
45.917 
73.741 
63.862 
16.909 
7.955 
28.823 
16.724 
4.292 
14.985 
19.906 
6.438 
4.229 
11.447 
1.782 
1.329 
1.209 
0.744 
40 
0.795 
4.894 
12.868 
33.007 
109.954 
209.599 
331.402 
450.310 
615.481 
850.377 
876.800 
916.502 
1182.821 
1821.249 
2200.039 
2299.609 
2323.199 
2310.468 
2312.200 
2302.078 
2319.360 
2326.587 
2287.806 
2241.204 
2216.082 
2179.746 
2132.136 
2096.097 
2065.718 
2022.914 
1979.966 
1944.499 
1900.127 
1856.433 
1813.506 
1771.286 
1766.622 
0.740 
3.256 
6.364 
16.058 
61.050 
80.327 
99.604 
99.604 
138.158 
195.989 
36.630 
47.545 
254.560 
552.669 
338.143 
137.048 
78.588 
33.966 
45.769 
30.673 
48.137 
47.582 
15.281 
6.216 
23.791 
13.912 
3.330 
13.394 
14.356 
5.772 
2.869 
9.967 
1.601 
1.359 
0.980 
0.868 
37 
0.722 
3.884 
10.004 
25.443 
84.438 
160.849 
254.264 
345.458 
472.124 
652.236 
672.495 
702.929 
934.736 
1452.058 
1747.659 
1839.918 
1872.915 
1861.566 
1862.009 
1847.704 
1850.789 
1853.258 
1824.135 
1786.854 
1767.617 
1739.193 
1701.114 
1673.764 
1648.004 
1614.475 
1577.924 
1549.659 
1514.297 
1479.475 
1445.264 
1411.618 
1415.882 
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Denmark 
Year di di 
(Hay-Aug) (July-Aug) 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1934 
1985 
1986 
0.370 
1.850 
4.070 
9.990 
38.MO 
49.950 
61.790 
61.790 
85.840 
92.500 
17.390 
24.420 
156.251 
368.705 
230.695 
75.073 
38.813 
13.579 
31.376 
22.718 
33.596 
36.704 
9.361 
2.775 
15.577 
5.883 
1.184 
6.586 
8.584 
3.182 
1.903 
6.464 
0.816 
0.483 
0.488 
0.318 
27.4 
0.370 
0.740 
1.850 
4.440 
17.020 
22.200 
27.380 
27.380 
38.110 
25.160 
11.470 
17.390 
68.709 
208.273 
95.016 
31.450 
15.466 
5.217 
15.762 
10.212 
20.239 
14.985 
3.108 
1.221 
7.030 
2.775 
0.370 
3.959 
3.552 
1.110 
0.816 
2.205 
0.263 
0.178 
(1.277 
0.200 
1.91 
Jutland 
i di 
(Nay-Aug) (July-Aug) 
0.370 
2.220 
4.440 
11.470 
42.920 
56.610 
70.300 
70.300 
97.310 
102.120 
19.240 
27.010 
168.942 
397.861 
265.290 
77.478 
36.408 
14.060 
33.670 
26.751 
39.812 
42.698 
9.694 
3.441 
17.131 
6.623 
1.184 
6.068 
10.175 
3.219 
2.386 
6.494 
0.876 
0.544 
0.581 
0.276 
24.ft 
0.370 
1.110 
1.850 
5.180 
19.240 
25.160 
31.080 
31.080 
43.290 
27.750 
12.580 
19.240 
75.924 
219.484 
107.670 
31.524 
18.352 
4.958 
17.020 
11.803 
23.384 
19.092 
3.108 
1.443 
8.103 
3.367 
0.407 
3.145 
3.626 
1.147 
0.936 
2.144 
0.314 
0.202 
0.33« 
0.169 
2.0< 
islands 
di(Nay-Aug) di(July-Aug) 
0.370 
1.850 
3.330 
8.510 
32.930 
43.290 
53.650 
53.650 
74.740 
82.880 
15.540 
21.830 
143.560 
339.549 
196.063 
72.668 
41.218 
13.098 
29.082 
18.685 
27.380 
30.710 
9.028 
2.109 
13.986 
5.809 
1.184 
7.030 
6.956 
3.108 
1.420 
6.433 
0.755 
0.423 
0.395 
0.326 
26.0 
0.370 
0.740 
1.480 
3.700 
14.800 
19.240 
24.050 
24.050 
33.300 
22.570 
10.360 
15.540 
61.494 
197.099 
82.362 
31.376 
12.580 
5.476 
14.504 
8.621 
17.094 
10.878 
3.108 
0.999 
5.994 
2.220 
0.333 
4.773 
3.441 
1.073 
0.664 
2.265 
0.215 
0.160 
0.216 
0.230 
1.76 
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APPENDIX E 
Detailed Chernobyl air, precipitation and grass data 
Page 
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Risø air E.1 239 
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Risø grass (Unit: Bq m~2) E.6 263 
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wuam
 : iisoE 
ma i taaomna 
ISOTOP DUX SraCIES SD X IESOLIS 
9 5 - a 
103-10 
106-80 
131-1 
132-1 
133-1 
134-CS 
137-a 
140-8A 
140-U 
1*1-« 
144-CE 
23»-W 
239.24040 
241-Af 
2*2-01 
244-CH 
90-St 
S9-St/90-St 
9va 
103-8D 
131-1 
132-1 
133-1 
134-a 
137-a 
140-BA 
140-U 
141-a 
93-ZK 
103-HI 
131-1 
132-1 
133-1 
1M-CS 
137-CS 
140-LA 
141-Ot 
131-1 
132-1 
137-CS 
131-1 
132-1 
134-CS 
137-a 
140-U 
131-1 
132-1 
137-a 
7-K 
90-St 
95-Z* 
103-RØ 
10A-W 
19« AR 24-19« AR 21 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
19« AR 21-19« AR 29 
-
-
-
-
-
-
-
-
-
19« AR 29 
-
-
-
-
-
-
-
-
19« AR 29-19« AR 30 
-
-
19« AR 30-19« HAT 01 
-
-
-
-
19« HAT 01-19« HAT 02 
-
-
19« HAT 01-19« JIM 02 
-
-
-
-
WSAMPLB6 TOJtt 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
MK SAHPLO SBDVr 
-
NBf SAHPLEK6 FILTR 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
NBf SAMPLES SHUW 
-
-
-
. 
1 
1 
10 
IS 
1 
-
0 
0 
18 
2 
1 
1 
2 
1 
7 
1 
6 
1 
3 
I t 
16 
2 
4 
13 
1-
• 
29 
4 
25 
23 
23 
1 
3 
13 
4 
2 
10 
21 
7 
22 
99 
6 
12 
38 
15 
2 
22 
-
99 
17 
5 
6 
1 
6 
»3*1.447 
52733.832 
10344.227 
232(22.749 
132000.000 
330000.000 
33370.493 
(3608.520 
9t t l l . t33 
•7001.534 
49780.987 
327W.973 
3.(92 
(.400 
0.7(1 
119.940 
2.231 
143«. 735 
19.700 
5(0.000 
460.000 
4(00.000 
I58O.000 
540.000 
540.000 
980.000 
100O.00O 
3300.000 
470.000 
700.000 
420.000 
14700.000 
4200.000 
2100.000 
4300.000 
7400.000 
910.000 
610.000 
(10.000 
190.000 
9O.000 
750.000 
310.000 
100.000 
280.000 
34(0.000 
530000 
490.000 
200.000 
5654.230 
93.878 
1337.806 
30315.835 
9688.1*6 
8.813 
18 .9« 
1.812 
178.730 
2.419 
195.918 
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134-CS 
137-CS 
140-U 
u i - a 
144-CE 
•9-s ty90-a 
103-tØ 
131-1 
132-1 
137-CS 
95-2* 
103-10 
131-1 
132-1 
133-1 
134-CS 
137-CS 
140-B4 
9 3 - a 
103-W 
131-1 
132-1 
134-CS 
137-CS 
140-Bi 
140-U 
141-CE 
23t-ra 
239,240-FU 
241-AM 
242-Q1 
244-CM 
7-BE 
95-ZR 
103-RU 
106-SU 
131-1 
132-1 
134-CS 
137-CS 
140-U 
141-CE 
144-CE 
23B-W 
239,240-FU 
241-AK 
242-CM 
244-CH 
93-ZX 
103-RU 
131-1 
132-1 
133-1 
134-CS 
137-CS 
140-BA 
140-U 
141-CC 
93-ZX 
103-RU 
131-1 
132-1 
134-CS 
137-CS 
140-BA 
140-U 
-
-
-
-
. 
-
I9S6 HIT 02-1986 NIT 03 
-
-
-
1986 MIX 03-19M KW 04 
-
-
-
-
-
-
-
1986 NKT 04 
-
-
-
-
-
-
-
-
-
-
-
-
-
1986 HIT 04-1986 H4T 03 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
19S6 3MT 03 
-
-
-
-
-
-
-
-
-
1986 HIT 03-1986 HAT 06 
-
. 
-
. 
. 
-
. 
-
-
-
-
. 
-
ns SIMPLES 6 mxa. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• 
-
-
-
1 
1 
22 
12 
22 
13 
33 
1 
23 
22 
27 
7 
1 
15 
20 
7 
4 
24 
14 
4 
1 
2 
4 
3 
19 
6 
17 
13 
11 
26 
9 
20 
8 
2 
1 
8 
3 
3 
0 
0 
3 
4 
6 
6 
4 
28 
2 
21 
4 
2 
1 
-
39 
3 
2 
9 
3 
5 
7 
2 
3 
1 
3 
-
13 
4 
5738.412 
10334.423 
3679.376 
1408.312 
1126.121 
12.800 
130.000 
17600.000 
210.000 
220.000 
370.000 
1880.000 
223900.000 
5100.000 
1400.000 
2120.000 
3360.000 
2300.000 
4650.000 
13300.000 
-.10000.000 
30300.000 
14200.300 
22700.000 
9100.000 
8700.000 
4460.000 
0.373 
0.497 
0.484 
4.413 
0.329 
8097.708 
2582.946 
11605.702 
3292.109 
264302.697 
17100.000 
14342.357 
23965.937 
8377.138 
2451.123 
2077.188 
1.321 
2.241 
0.264 
43.004 
0.467 
6480.000 
9470.000 
362000.000 
14400.000 
1100.000 
9630.000 
ISUO.ZM 
8700.000 
9000.000 
6800.000 
3800.000 
12260.000 
280000.000 
12100.000 
4600.000 
7410.000 
5600.000 
7600.000 
0.295 
0.400 
0.213 
3.940 
0.548 
0.212 
0.291 
2.439 
0.159 
- 241 -
141-CK 
90-SR 
89-SR/90-SR 
95-ZR 
103-RU 
131-1 
134-CS 
137-CS 
140-BA 
140-U 
95-ZR 
103-RU 
131-1 
134-CS 
137-CS 
140-BA 
140-U 
95-ZK 
103-80 
131-1 
134-CS 
137-CS 
140-BA 
140-U 
141-CE 
238-FO 
239,240-FO 
241-AM 
242-CM 
244-« 
7-BZ 
95-ZR 
103-RU 
106-RU 
131-1 
134-CS 
136-C 
137-CS 
140-dA 
140-U 
141-CE 
144-CE 
239,240-FU 
242-CM 
131-1 
134-CS 
137-CS 
103-RU 
131-1 
134-CS 
137-CS 
103-RU 
131-1 
134-CS 
137-CS 
103-RU 
131-1 
134-CS 
137-CS 
140-U 
103-RU 
131-1 
134-CS 
137-CS 
140-U 
103-RU 
1986 HIT 05-1986 JUK 02 LI SAMPLER GUSS 
1986 Mål 06 NEST SIMPLER 6 FILTER 
1986 HIT 06-1986 HAJ 07 
1986 HAT 07-1986 KAT 08 
1986 HAT 08-1986 HAT 12 
1936 HAT 12-1986 HAT 14 
1986 HAT 14-1986 HAT 15 
1986 HAT 15-1986 HAT 16 
1986 HAT 16-1986 KAT 17 
1986 HAT 17-1986 HAT 18 
1986 MAY 18-1986 KAY 19 
38 
2 
6 
13 
1 
-
5 
3 
17 
5 
15 
3 
1 
5 
4 
23 
5 
40 
1 
-
-
-
4 
1 
19 
12 
8 
30 
6 
18 
4 
28 
0 
1 
13 
0 
22 
0 
19 
2 
19 
22 
13 
24 
1 
6 
5 
2 
2 
5 
4 
S 
2 
6 
S 
6 
3 
8 
/ 
23 
3 
2 
4 
4 
15 
4 
520.000 
77.551 
16.000 
3700.000 
40700.000 
334000.000 
7300.000 
12400.000 
8500.000 
7500.000 
1990.000 
7800.000 
164000.000 
3900.000 
6400.000 
4100.000 
6100.000 
3200.000 
644000.000 
496000.000 
82400.000 
154400.000 
64500.000 
50300.000 
3500.000 
0.302 
0.665 
0.682 
3.660 
0.373 
4677.004 
49.262 
62117.504 
18758.728 
17902.270 
7964.493 
1642.893 
14449.212 
4655.938 
4992.985 
194.474 
230.854 
0.005 
0.195 
4299.062 
463.838 
739.376 
4350.000 
8251.830 
1235.727 
2272.353 
880.000 
3245.429 
487.152 
880.622 
310.000 
1505.162 
168.856 
292.279 
80.000 
530.000 
2771.549 
451.452 
783.461 
160.000 
680.000 
89.796 
0.282 
0.374 
4.638 
0.682 
0.148 
0.095 
- 242 -
131-1 
134-CS 
137-CS 
103-Rtt 
131-1 
134-CS 
137-CS 
239,240-ra 
242-91 
2*4-« 
103-RU 
131-1 
132-1 
134-CS 
136-Ca 
137-CS 
7-BE 
103-RD 
131-1 
134-CS 
137-CS 
140-IA 
7-BE 
103-W 
131-1 
134-CS 
137-CS 
7-BE 
103-RU 
131-1 
134-CS 
136-Ca 
137-CS 
140-IA 
7-BE 
103-RU 
106-RU 
131-1 
134-CS 
137-CS 
140-IA 
7-BE 
95-ZK 
103-RU 
131-1 
134-CS 
137-CS 
141-CE 
7-BE 
103-RU 
131-1 
134-CS 
137-CS 
7-BE 
103-RU 
131-1 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
131-1 
134-CS 
137-CS 
7-BE 
103-RU 
-
-
-
1986 MAI 19-1986 MkX 20 
-
-
-
-
-
-
-
-
-
-
-
-
1986 HAT 21-1986 MAT 22 
-
-
-
-
-
1986 HAT 22-1986 MAY 23 
-
-
-
-
1986 MAY 23-1986 MAY 26 
-
-
-
-
-
-
1986 MAY 26-1986 MAY 27 
-
-
-
-
-
-
1986 MAY 27-1986 MAY 28 
-
-
-
-
-
-
1986 MAY 28-1986 MAY 29 
-
-
-
-
1986 MAY 29-1986 MAT 30 
-
-
-
• 
1986 MAY 30-1986 JUK 02 
-
-
-
• 
-
1986 JUK 02-1986 JUK OS 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• 
-
-
-
-
2 
6 
3 
4 
4 
5 
4 
•5 
32 
16 
3 
3 
3 
3 
17 
3 
14 
4 
3 
5 
3 
29 
13 
3 
/. 
6 
5 
3 
1 
1 
1 
28 
1 
7 
11 
3 
39 
5 
3 
4 
38 
10 
39 
4 
7 
7 
6 
33 
26 
6 
10 
14 
11 
37 
4 
9 
17 
12 
5 
2 
26 
7 
4 
3 
3 
2 
1663.892 
388.273 
744.968 
2220.000 
224S.132 
1367.364 
2421.003 
0.070 
0.127 
0.346 
2173.496 
2507.328 
94364.410 
1438.880 
267.557 
2598.6*4 
3142.718 
1601.783 
2006.858 
782.936 
1322.503 
590.627 
4614.205 
2747.069 
2809.772 
1022.112 
1772.712 
5153.000 
3783.206 
1805.169 
1221.249 
114.257 
2275.187 
190.253 
3352.038 
1700.081 
965.968 
1029.120 
748.740 
1300.118 
453.882 
2575.941 
92,791 
794.525 
517.007 
314.819 
593.937 
108.931 
1216.446 
735.281 
481.501 
195.620 
330.033 
700.856 
927.222 
533.149 
145.561 
330.422 
2108.147 
678.311 
377.886 
223.311 
237.319 
472.401 
1875.315 
518.568 
- 243 -
131-1 
134-CS 
137-CS 
140-U 
103-W 
134-CS 
137-CS 
7-BS 
103-W 
106-W 
131-1 
134-CS 
137-CS 
140-U 
7-BE 
103-W 
106-W 
131-1 
134-CS 
137-CS 
7-BE 
103-W 
131-1 
134-CS 
137-CS 
7-BE 
103-W 
131-1 
134-CS 
137-CS 
140-U 
7-BE 
103-W 
li?-CS 
7-BE 
103-W 
134-CS 
137-CS 
140-U 
7-BE 
137-CS 
7-BE 
103-W 
137-CS 
7-BE 
103-W 
134-CS 
137-CS 
7-BE 
103-W 
134-CS 
137-CS 
7-BE 
103-W 
134-CS 
137-CS 
7-Bf 
93-2* 
103-W 
106-W 
134-CS 
137-CS 
190* J V 02-I9M J V 30 IX GUSS 
19M J V 03-1906 J V 09 IBI SUTLBL * FIUDt 
19M J V 09-1906 J V 12 
191« JW 12-198« J V 1« 
19S6 J V 16-19« J V 19 -
19B6 J V 19-19K J V 23 -
1906 J V 23-19M J V 26 -
1906 J V 26-19M J V 30 • 
19M J V 30-19M JOL 03 -
1906 JUL 03-1916 JOL 07 -
19*6 JUL 07-1916 JUL 10 -
1966 JUL 10-19M JUL 14 -
190« JUL 14-1966 JUL 17 -
l« 
6 
3 
2 
1« 
30 
6 
19 
10 
12 
9 
3 
2 
19 
11 
« 
7 
19 
2 
3 
31 
13 
6 
3 
6 
0 
37 
13 
11 
3 
7 
31 
13 
9 
• 
3 
11 
20 
2 
• 
9 
7 
3S 
4 
29 
3 
21 
21 
3 
13 
19 
12 
1 
13 
10 
9 
1 
3 
4 
3 
1 
36 
3 
26 
1 
1 
217.923 
144.473 
194.207 
340.100 
26.901 
1.621 
4191.031 
3.944 
333.747 
166.574 
279.361 
1302.22« 
340.243 
262.763 
•6.634 
69.067 
120.460 
43.627 
6933.916 
447.916 
270.227 
103.137 
111.226 
236.094 
2925.777 
292.192 
73.036 
100.490 
193.601 
3246.360 
162.046 
44.004 
32.316 
114.312 
223.039 
2003.043 
79.313 
40.723 
2S29.303 
49.922 
31.790 
37.112 
6.973 
2930.731 
39.006 
4333.064 
43.979 
46.006 
2043.093 
30.372 
10.602 
43.019 
2447.069 
16.092 
17.907 
32.603 
1711.102 
10.232 
9.602 
17.107 
2035.003 
3.US 
J6.454 
31.396 
101.360 
201.046 
2.069 
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7 - « 
183-K 
l t t - K 
134-0 
at-ct 
i-m 
K - V 
193-K 
134-a 
I37-4S 
7-K 
193-K 
194-K 
134-a 
137-a 
7-K 
193-K 
134-a 
137-0 
7-K 
mm 
134-a 
131-43 
MI-O 
7-K 
103-K 
134-a 
U 7 - a 
7-K 
193-K 
134-a 
117-CS 
95-a 
IOS-K 
104-K 
134-0 
137-a 
1*1-« 
iM-at 
7-K 
103-K 
134-a 
137-a 
7-K 
93-a 
i n - n 
i H - a 
i 3 7 - a 
7-K 
103-K 
134-a 
ur-a 
7-K 
•VZ* 
93-a 
103-K 
10ft-K 
134-a 
137-a 
i 4 i - a 
u*-a 
i-m 
»s-a 
103-K 
i M - a 
21 -
MK ML a - l W K . 24 -
31 
l « i J9L 31-HK MB 94 -
1994 KB 07-I9K J K 11 
199ft KB U-1904 KB 1« 
199* KB 14-199* KB 1* 
199* KB 19-1994 KB 21 
199* KB 21-199* KB 25 
199* KB 2S-lflW KB 20 
19M KB 29-199* SB 01 
• 
3 
K 
4 
3 
1 
U 
7 
1 
1 
1 
« 
27 
4 
3 
1 
» 
1 
1 
1 
9 
• 
5 
3« 
1 
I« 
Z 
1 
0 
9 
ft 
4 
1 
9 
I« 
33 
3 
2 
29 
22 
1 
10 
7 
S 
1 
3« 
13 
4 
3 
1 
ZS 
13 
10 
• 
u 
3 
7 
39 
3 
2 
2« 
19 
1 
3 
3 
2 
W U M 
14.713 
13.111 
•.2*7 
l*.l*4 
2739.331 
5.993 
12.4CO 
•7.499 
127.493 
1934.939 
19.47« 
12.22* 
7.342 
13.433 
2339.194 
3.13ft 
199.419 
21I.24ft 
1731.394 
4.9Z3 
• . •91 
W.927 
1.K2 
2934.009 
« .K0 
47.9K 
91.379 
3304.442 
4.037 
4.7K 
9.723 
2101.74« 
10.344 
7.139 
19.33« 
20.014 
40.403 
3.172 
14.790 
2234.733 
4.374 
J.024 
10.2K 
1919.917 
2.47* 
4.9*3 
12.442 
23.93ft 
I5M.419 
1.439 
2.371 
4.399 
2103.291 
12.373 
17.71ft 
9.ftlt 
14.140 
17.249 
37.0IC 
3.43ft 
17.973 
249ft.133 
32.007 
32.9ft! 
33.339 
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137.CS 
141-CE 
144-CE 
7-BE 
95-ZR 
I03-RB 
134.CS 
137-CS 
7-BE 
60-CO 
103.RU 
106.80 
134-CS 
137.CS 
7-BE 
103.R0 
134.CS 
137-CS 
7-BE 
103.RO 
134.CS 
137.CS 
7-BE 
103.R0 
134.CS 
137-CS 
7-BE 
103-R0 
134-CS 
137-CS 
7-BE 
103-R0 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134.CS 
137-CS 
7-BE 
103-RU 
106.R0 
134.CS 
137-CS 
7-BE 
103.R0 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134.CS 
137-CS 
7-BE 
134-CS 
137-CS 
1986 SEP 01-1986 SEP 04 
1986 SEP 04-1986 SEP 08 
1986 SEP 08-1986 SEP 11 
1986 SEP 11-1986 SEP 15 
1986 SEP 13-1986 SEP 18 
1986 SEP 18-1986 SEP 22 
1986 SEP 22-1986 SEP 23 
1986 SEP 25-1986 SE? ?9 
1986 SEP 29-1986 OCT 02 -
1986 OCT 02-1986 OCT 06 
1986 OCT 06-1986 OCT 09 
1986 OCT 09-1986 OCT 13 
1986 OCT 13-1986 OCT 16 
1986 OCT 16-1986 OCT 20 
1986 OCT 20-1986 OCT 23 
1 
10 
11 
1 
39 
23 
5 
3 
1 
23 
6 
23 
3 
2 
22 
19 
12 
12 
36 
71.904 
9.341 
34.045 
1451.120 
2.523 
2.441 
10.998 
23.198 
1685.094 
1.687 
9.227 
17.253 
14.179 
29.771 
1154.865 
64.365 
5.887 
11.237 
1789.682 
2.406 
4.717 
9.920 
1693.058 
65.106 
5.726 
10.768 
2242.544 
1.719 
4.083 
8.230 
1641.141 
1.915 
18.622 
37.501 
2047.825 
1.826 
3.954 
7.309 
2229.846 
1.459 
9.500 
20.900 
1695.777 
3.449 
7.447 
5.130 
10.554 
1132.058 
1.223 
6.647 
13.708 
1997.742 
2.267 
5.808 
12.019 
2988.326 
3.933 
32.558 
65.302 
2370.685 
2.408 
5.399 
11.556 
1995.386 
6.866 
14.178 
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7-BE 1986 OCT 23-1986 OCT 27 -
103-RU 
106-RB 
134-CS 
137-CS 
7-BE 19M OCT 27-1986 OCT 30 -
134-CS 
137-CS 
7-BE 1986 OCT 30-1986 NOV 03 -
134-CS 
137-CS 
7-BE 1986 NOV 03-1986 NOV 06 -
134-CS 
137-CS 
7-BE 1986 NOV 06-1986 NOV 10 -
40-K 
103-MJ 
134-CS 
137-CS 
7-BE 1986 NOV 10-1966 NOV 13 -
14-CS 
.J7-CS 
7-BE 1986 NOV 13-1986 NOV 17 -
103-MJ 
134-CS 
137-CS 
7-BE 1986 NOV 17-1986 NOV 20 -
134-CS 
137-CS 
7-BE 1986 NOV 20-1986 NOV 24 -
134-CS 
137-CS 
7-BE 1986 NOV 24-1986 NOV 27 -
134-CS 
137-CS 
7-BE 1986 NOV 27-1986 DEC 01 -
103-RU 
134-CS 
137-CS 
7-BE 1986 DEC 01-1986 DEC 04 -
134-CS 
137-CS 
7-BE 1986 DEC 04-1986 DEC 08 -
103-MJ 
134-CS 
137-CS 
7-BE 1986 DEC 08-1986 DEC 11 -
103-MJ 
134-CS 
137-CS 
7-BE 1986 DEC 11-1986 DEC 13 -
134-CS 
137-CS 
7-BE 1986 DEC 15-1986 DEC 18 -
134-CS 
137-CS 
7-BE 1986 DEC 18-1986 DEC 22 -
IUJ-WJ 
106-RU 
134-CS 
137-CS 
7-BE 1986 DEC 22-1986 DEC 26 -
137-CS 
7-BE 986 DEC 26-1986 DEC 29 -
134-CS 
137-CS 
1 
16 
34 
3 
2 
1 
5 
4 
1 
7 
5 
1 
10 
6 
1 
2 
33 
7 
3 
1 
3 
2 
0 
23 
6 
4 
1 
8 
3 
0 
13 
9 
1 
10 
7 
1 
21 
27 
13 
1 
6 
4 
1 
21 
4 
3 
1 
38 
2 
-
1 
8 
6 
1 
3 
2 
0 
16 
22 
3 
3 
1 
3 
1 
26 
14 
1140.389 
2.724 
12.121 
13.036 
31.436 
1462.714 
9.063 
19.113 
1902.807 
5.017 
11.286 
1840.976 
3.810 
8.977 
2183.197 
0.013 
1.067 
4.953 
10.579 
3007.491 
24.227 
53.365 
3957.638 
2.138 
6.868 
15.153 
2025.399 
5.215 
11.662 
2276.174 
1.434 
3.543 
1166.273 
3.689 
7.734 
2388.669 
33.576 
1.036 
2.798 
3089.000 
7.170 
15.230 
3060.000 
29.400 
6.880 
17.290 
2822.000 
1.980 
39.100 
87.600 
2138.630 
4.637 
8.482 
1168.093 
9.392 
23.829 
2065.135 
1.033 
8.527 
3.054 
6.926 
1254.307 
17.659 
1478.296 
1.359 
3.268 
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7-BE 1986 DEC 29-19*7 JAH 02 - 1 2175.663 
103-RU - - 4 0 1.387 
106-MJ - - 3 3 17.329 
134-CS 2 25.941 
137-CS 2 59.317 
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SPECIES 
LoanoB 
ISOTOP OåXE 
mstttiB.6 rosas 
BOBBOLM 
KIC80BQ/M3 
ss x wsuua 
95-ZR 
103-BJO 
106-111 
131-1 
132-1 
134-CS 
136-Ca 
137-CS 
140-BA 
140-U 
14I-CE 
95-2» 
103-WJ 
106-10 
131-1 
132-1 
133-1 
134-CS 
136-C 
137-CS 
140-U 
Ul-CE 
95-ZR 
103-RO 
106-RU 
131-1 
134-CS 
136-Ca 
137-CS 
140-BA 
J40-U 
Ul-CE 
146-CE 
238-W 
239,240-PU 
241-AM 
242-CM 
244-CM 
7-BI 
»5-2* 
103-RU 
106-WJ 
131-1 
13Z-I 
134-CS 
136-C* 
137-CS 
140-U 
131-1 
134-CS 
137-CS 
7-BI 
103-RU 
1986 MII 02-1986 MM 05 
1986 HAT 03-1966 Mål 07 
1986 KMT 07-1986 MIT 09 
1986 MAT 09-1986 MAT 12 
1986 MAT 12-1986 MT 14 
1986 MAT 14*1986 KAT 16 
12 
3 
29 
0 
1 
2 
8 
2 
13 
4 
14 
3 
1 
15 
0 
0 
15 
l 
10 
1 
1 
3 
8 
0 
1 
0 
0 
8 
0 
22 
3 
14 
22 
8 
5 
11 
3 
21 
7 
32 
2 
22 
1 
5 
3 
12 
3 
9 
1 
3 
2 
10 
2 
1183.251 
5205.698 
3808.689 
192631.325 
11254.74« 
5011.187 
1345.474 
8121.691 
3261.525 
3880.042 
1545.055 
2801.164 
16032.796 
6200.000 
227771.067 
14821.007 
68516.597 
5137.085 
1339.422 
8882.184 
5424.666 
3335.389 
3239.239 
959775.437 
287693.571 
604494.510 
100152.987 
244307.825 
180162.815 
76752,980 
70583.876 
4987.464 
4718.322 
0.281 
0.753 
0.368 
5.169 
0.227 
1866.466 
43.519 
1146.979 
495.114 
4977.351 
479.930 
391.580 
80.801 
700.557 
171.897 
6995.655 
699.848 
1552.602 
2640.000 
767.714 
0.733 
1.722 
0.315 
4.429 
0.093 
0.034 
9.426 
0.109 
106-RU 
131-1 
132-1 
134-CS 
136-C* 
137-CS 
140-U 
7-BE 
93-a 
103-80 
106-10 
131-1 
132-1 
134-CS 
136-C* 
137-CS 
1*0-8*. 
140-U 
141-CE 
7-BE 
95-ZR 
103-UI 
106-BO 
131-1 
134-CS 
136-C« 
137-CS 
140-U 
141-CE 
7-BE 
95-ZR 
103-RU 
106-RU 
131-1 
134-CS 
136-C 
137-CS 
140-BA 
140-U 
141-CE 
7-BE 
95-ZR 
103-10 
106-RU 
131-1 
134-CS 
137-CS 
140-M 
140-U 
141-CE 
7-BE 
93-ZR 
103.RU 
106-RU 
131-1 
134-CS 
137-CS 
140-U 
141-CE 
7-BE 
103-RU 
106-RU 
131-1 
134-CS 
137-CS 
140-U 
-
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
-
1986 
-
-
-
-
-
. 
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MAX 16-1986 M I 20 
MM 20-1986 Mål 23 
NKT 23-1966 HAT 26 
MAT 26-1986 MAT 28 
HAT 28-1986 MAT 30 
MAT 30-1986 JW 02 
39 
1 
11 
3 
11 
2 
10 
3 
14 
1 
11 
1 
6 
1 
4 
1 
14 
3 
13 
5 
22 
1 
11 
1 
1 
8 
1 
4 
17 
3 
33 
1 
10 
2 
1 
25 
1 
30 
6 
24 
3 
8 
2 
27 
5 
3 
2 
33 
8 
12 
7 
27 
2 
29 
5 
4 
4 
20 
33 
2 
1 
12 
3 
2 
1 
7 
227.489 
2787.888 
178.499 
473.915 
93.303 
803.018 
125.635 
2260.000 
42.966 
1156.176 
452.523 
1484.095 
121.147 
670.454 
104.756 
1160.655 
180.209 
195.447 
50.970 
4060.000 
48.207 
2480.399 
930.197 
2029.049 
1011.882 
125.928 
1801.111 
277.182 
72.520 
4350.000 
37.684 
3045.773 
1078.448 
1217.083 
1035.889 
164.875 
1810.297 
182.773 
221.495 
56.717 
2725.006 
161.604 
1224.700 
410.568 
454.070 
503.445 
866.157 
165.064 
135.478 
108.070 
1191.099 
35.473 
599.735 
202.062 
246.501 
172.977 
311.344 
38.306 
23.234 
2088.991 
659.359 
265.777 
264.948 
256.467 
493.228 
53.216 
7-BE 
103-rø 
106-M1 
131-1 
134-CS 
137-CS 
140-U 
7-BE 
103-RU 
106-RU 
I3I-I 
1M-CS 
137-CS 
140-U 
I41-CE 
7-BE 
103-U1 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
131-1 
134-CS 
137-CS 
141-CE 
7-BE 
I03-RU 
131-1 
134-CS 
137-CS 
7-BE 
95-ZR 
103-RU 
106-RU 
131-1 
134-CS 
137-CS 
7-BE 
95-ZR 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
95-ZR 
103-RU 
134-CS 
137-CS 
7-BI 
95-ZR 
103-RU 
106-RU 
134-CS 
137-CS 
141-CK 
7-BE 
95-ZR 
103-RU 
106-RU 
134-CS 
137-CS 
1 9 « 
-
-
-
-
-
-
1986 
-
-
-
-
-
-
-
1986 
-
-
-
-
1986 
-
-
-
-
-
1986 
-
-
-
-
1986 
-
-
-
-
-
-
1986 
-
-
-
-
-
1986 
-
-
-
1986 
-
-
-
-
1986 
-
-
-
-
-
-
1986 
-
-
-
-
-
- 250 -
JIM 02-1986 JIM 04 
JIM 04-1986 JtM 09 
JIM 09-1986 JOH 11 
JIM 11-1986 JIM 13 
JIM 13-1986 JW 16 
JIM 16-1986 JW 19 
JW 19-1986 JW 23 
JW 23-198« JW 30 
JW 30-1986 JUL 07 
JUL 07-1986 JUL 14 
JUL 14-1986 JUL 21 
3 
2 
23 
5 
3 
3 
22 
5 
2 
15 
7 
6 
5 
26 
38 
4 
4 
28 
S 
7 
5 
3 
13 
10 
S 
34 
3 
3 
21 
5 
5 
2 
33 
3 
27 
13 
6 
5 
2 
22 
4 
37 
3 
5 
1 
3 
5 
5 
1 
30 
4 
6 
4 
1 
26 
2 
15 
2 
2 
32 
0 
20 
3 
18 
3 
2 
2637.763 
336.181 
219.522 
227.830 
175.830 
319.004 
24.328 
1296.710 
613.127 
275.193 
132.344 
67.394 
135.325 
15.771 
15.899 
4167.319 
346.866 
254.540 
111.313 
175.734 
4980.265 
254.056 
71.366 
66.851 
119.810 
25.090 
3048.538 
304.273 
39.145 
105.361 
193.019 
3292.591 
11.875 
247.396 
109.672 
44.836 
36.406 
111.795 
2450.162 
10.480 
89.096 
34.499 
36.210 
60.667 
2972.612 
46.227 
29.577 
52.948 
3097.882 
5.227 
41.193 
19.712 
41.623 
1734.630 
1.737 
20.347 
18.734 
13.799 
23.083 
1.301 
3040.796 
2.082 
13.881 
15.532 
11.133 
22.400 
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7-BE 
93-ZR 
103-RD 
106-RU 
134-CS 
137-CS 
141-CE 
144-CE 
7-BE 
93-ZR 
103-RU 
106-RU 
134-CS 
137-CS 
141-CE 
144-CE 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
63-ZR 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
134-CS 
137-CS 
7-BE 
60-00 
103-RU 
134-CS 
137-CS 
7-BE 
103-RU 
106-RU 
134-CS 
137-CS 
7-BE 
103-RU 
1986 JUL 21-1986 JUL 28 
1966 JUL 28-1986 AUC 04 
1986 AUC 04-1986 AUC 11 
1986 AUC 11-1986 AUC 18 
1986 AUC 18-1986 AUC 26 
1986 AUG 26-1986 SEP 01 
1986 SEP 01-1986 SEP 08 
1986 SEP 08-1986 SEP 15 
1986 SEP 13-1986 SEP 22 
1986 SEP 22-1986 SEP 29 
1986 SEP 29-1986 OCT 06 
1986 OCT 06-1986 OCT 13 
1986 OCT 13-1986 OCT 20 
10 
33 
36 
13 
22 
0 
19 
lOt-W 
134-CS 
137-CS 
i-m 
103-W 
134-CS 
137-CS 
7-K 
134-CS 
137-CS 
7-K 
103-W 
lOt-W 
134-CS 
137-CS 
7-K 
134-CS 
137-CS 
7-K 
103-M 
134-CS 
137-CS 
7-K 
103-10 
134-CS 
137-CS 
7-K 
134-CS 
137-CS 
7-K 
134-CS 
137-CS 
7 -H 
I03-XU 
lOt-XØ 
134-CS 
137-CS 
7-K 
103-IU 
106-MJ 
134-CS 
137-CS 
7-K 
103-IU 
106-RD 
134-CS 
137-CS 
-
-
-
19« 
-
-
» 
MM 
-
-
19« 
-
-
-
-
19« 
-
-
19« 
-
-
-
19« 
-
-
-
19« 
-
-
IS« 
-
-
19« 
-
-
-
-
1W6 
-
-
-
-
19« 
-
-
-
-
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OCT 20-19« OCT 27 
OCT 27-19« KO* 03 
BOV 03-19« BOV 10 
W* 10-19« BOV 17 
MK 17-19« WO! 24 
SOT 24-19« DK 01 
DK 01-19« DK W 
DK 00-19« DK 13 
DK 15-19« DK 22 
DK 22-19W DK 29 
DK 29-1907 la * 01 
33 
4 
2 
0 
ia 
5 
3 
O 
• 
5 
0 
30 
33 
6 
4 
0 
4 
3 
0 
31 
3 
3 
1 
30 
9 
C 
1 
3 
2 
0 
4 
4 
1 
22 
29 
4 
3 
1 
20 
30 
5 
3 
0 
27 
21 
3 
2 
14.913 
13.147 
20.753 
2U2.0M 
1.32« 
4.(42 
10.021 
2133.070 
2.420 
5.202 
2247.041 
0.005 
4.404 
3.031 
0.379 
4413.700 
3.297 
12.147 
23K.3M 
0.977 
4.073 
10.997 
1931.410 
0.040 
2.440 
3.022 
3022.000 
0.210 
17.470 
2440.023 
4.005 
9.119 
1703.535 
1.347 
9.299 
7.357 
I4.é99 
1490.049 
1.202 
0.795 
5.403 
12.613 
2440.249 
1.247 
12.070 
7.179 
10.379 
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snens : 10 n IOMKHMSE 
urannt s usoc 
OUT : BQ/HZ 
ISOTOP JDMSE SO I BSnUS 
7-K 
90-st 
95-1* 
103-IB 
io6-au 
U4-C5 
137-CS 
uo-u. 
141-a 
144-CE 
•9-St/90-St 
90-S» 
9s-a 
9W1B 
103-10 
106-W 
131-1 
132-T* 
132-1 
13*-« 
136-C* 
137-CS 
140-16. 
140-IA 
1*1-« 
•9-SW90-SK 
7-K 
90-St 
9 5 - a 
103-MJ 
106-10 
131-1 
13*-« 
136-C« 
137-CS 
1*0-8* 
I40-U 
141-a 
H*-a 
•9-SK/90-S* 
7-K 
90-SJt 
9 5 - a 
103-10 
106-10 
131-1 
134-CS 
137-CS 
140-BA 
140-U 
i*i-a 
1»W Aft 01-196* ATI 29 
-
. 
-
-
-
-
. 
-
. 
-
IMS aft 29-19M HU 09 
-
. 
-
. 
-
. 
-
. 
-
. 
-
-
-
-
19W Mål 09-1906 JOH 01 
. 
-
. 
-
. 
-
-
. 
-
-
-
-
-
1906 JUf 01-1906 JW 30 
-
. 
. 
-
. 
-
-
-
-
m 
1 
1 
1 
1 
12 
2 
2 
3 
1 
1 
3 
2 
33 
13 
1 
5 
2 
29 
2 
-
10 
2 
3 
2 
27 
6 
1 
7 
3 
0 
2 
2 
0 
12 
0 
3 
1 
2 
4 
21 
2 
10 
1 
0 
2 
13 
0 
0 
21 
3 
2 
71.51 
0.4« 
14.03 
10.39 
1.6« 
0.4« 
0 . « 
37.32 
17.34 
9.03 
17.20 
19.34 
20.19 
269.29 
2160.13 
366.69 
3663.36 
412.43 
713.43 
330.37 
•1.14 
624.92 
370.26 
401.19 
12.12 
15.20 
121.13 
2.04 
3.99 
104.60 
33.91 
103.07 
63.30 
7.64 
117.52 
30.66 
34.33 
10.31 
12.33 
13.20 
31.93 
0.34 
3.69 
34.01 
19.36 
2.37 
14,92 
28.47 
2.96 
3.34 
3.96 
- 254 -
144-CE 
• t - a / 9 0 - a 
7-BE 
95-2* 
103-ni 
106-BA 
110H-4G 
134-CS 
137-CS 
Hl-CE 
144-CE 
7-BI 
95-ZB 
103-ttf 
10S-M 
134-CS 
137-CS 
H i - a 
144-CE 
7 4 1 
9 5 - a 
103-MI 
106-tO 
uctnc 
136-CS 
137-CS 
I4I-CE 
144-CE 
7-BE 
9 5 - a 
io3-ur 
106-HI 
134-CS 
137-CS 
144-CE 
7-BE 
103-rø 
106-MI 
134-CS 
137-CS 
144-CE 
7-BE 
106-10 
134-CS 
137-CS 
-
-
19M JW 30-19W AUS 01 
-
-
-
-
-
-
-
-
1966 AUG 01-1986 SET 01 
-
-
-
-
-
-
-
1986 SEP 01-
-
-
-
-
-
-
-
-
1986 OCT 01-
-
-
-
-
-
-
1986 OCT 31-
-
-
-
-
-
1986 OCT 01 
1986 OCT 31 
1986 DEC 01 
1986 DEC 01-1986 DEC 29 
-
-
-
3 
30 
1 
7 
2 
9 
12 
1 
0 
16 
11 
1 
15 
3 
11 
1 
1 
30 
18 
1 
17 
4 
11 
15 
1 
1 
38 
14 
1 
10 
11 
20 
1 
1 
14 
1 
16 
18 
1 
1 
30 
1 
33 
3 
2 
7.64 
11.20 
120.11 
0.79 
5.10 
4.17 
0.22 
9.63 
18.66 
0.65 
2.09 
70.37 
0.10 
0.79 
1.06 
2.20 
4.36 
0.09 
0.44 
46.35 
0.09 
0.48 
1.18 
0.07 
1.52 
3.19 
0.06 
0.58 
70.99 
0.17 
0.16 
0.58 
1.14 
2.41 
0.33 
61.30 
0.09 
0.46 
0.85 
1.94 
0.20 
40,76 
0.35 
0.56 
1.25 
- 255 -
SPECIES : RAINSåMPLER 1M2 DålLT 
LOQkTICH i R I S « 
MOT I BQ/M2 
ISOIOP MIE SD Z USOLIS 
103-RU 
106-RU 
134-CS 
137-CS 
103-RU 
106-RU 
131-1 
132-Tb 
132-1 
134-CS 
136-Cs 
137-CS 
140-IA 
141-CE 
103-RU 
106-RU 
131-1 
132-1 
134-CS 
136-C* 
137-CS 
140-BA 
140-IA 
103-RU 
131-1 
132-1 
134-CS 
137-CS 
140-U 
103-RU 
131-1 
132-1 
134-CS 
137-CS 
140-U 
131-1 
134-CS 
137-CS 
131-1 
134-CS 
137-CS 
131-1 
134-CS 
137-CS 
131-1 
134-CS 
137-CS 
19M HU 01-1966 MIT 31 
-
-
-
1986 MM 07-1M6 MIT 08 
-
-
-
-
-
-
-
-
-
1986 Mål 08 
-
-
-
-
-
-
-
-
1986 MAT 09 
-
-
-
-
-
1986 Mål 10 
-
-
-
-
-
1986 Mål 14 
-
-
1986 Mål 16 
-
-
1986 MAT 19 
-
-
1986 MAT 21 
-
. 
4 
31 
2 
2 
1 
12 
1 
25 
1 
3 
26 
3 
4 
26 
2 
24 
1 
1 
5 
38 
4 
12 
7 
5 
2 
5 
11 
11 
17 
11 
6 
8 
11 
9 
29 
12 
16 
19 
9 
13 
12 
23 
23 
19 
15 
15 
12 
297.6 
111.6 
158.4 
287.3 
1897.9 
965.6 
2567.4 
1100.4 
1346.0 
264.3 
81.3 
486.2 
252.2 
45.8 
251.8 
113.3 
643.5 
247.0 
48.4 
15.2 
86.1 
97.1 
35.1 
60.6 
210.0 
32.2 
13.9 
22.8 
10.6 
49.1 
97.8 
42.6 
35.5 
73.4 
9.0 
12.5 
7.1 
8.8 
26.8 
11.2 
21.5 
2.9 
2.2 
3.5 
10.2 
7.2 
15.0 
- 256 -
131-1 
134-CS 
137-CS 
134-CS 
137-CS 
103-80 
131-1 
134-CS 
137-CS 
103-KO 
137-CS 
103-10 
134-CS 
137-CS 
103-BJ 
134-CS 
137-CS 
137-CS 
137-CS 
1986 HU 23-
-
-
1916 JOV 04 
-
1986 J0M06 
-
-
-
1986 JOH 09 
-
1986 J « 19 
-
-
198* JUL 07 
-
-
1986 JOL OS 
1986 JOL 30 
14 
21 
25 
17 
13 
4 
14 
7 
6 
14 
15 
« 
11 
6 
36 
13 
13 
29 
36 
3S.0 
17.4 
20.7 
4.6 
9.4 
7.1 
1.8 
2.9 
5.3 
14.3 
10.3 
4.8 
2.4 
4.6 
9.1 
7.2 
10.8 
1.0 
1.6 
- 257 -
snens t aåss 
uxxnm t uset 
OOT i KJ/B 
isonr u n 3D x i ran 
Sr-90 
Zr-95 
n-n 
H»-99 
lb-99a 
fta-103 
1-131 
lk-132 
1-133 
0-134 
C»-137 
lft-140 
U-140 
<fc-14I 
C*-l*4 
Zr-93 
* - 9 5 
»»-99 
Te-9Jfc 
»»-103 
1-131 
1*-132 
1-133 
0-134 
0-137 
Ba-I40 
U-140 
Cfc-141 
Cé-1** 
Zr-95 
•b-93 
Ho-99 
Tc-9»» 
•»-103 
1-131 
•h-132 
1-133 
C*-134 
C»-137 
B*-140 
U-140 
Ct-141 
Ct-144 
19*4 AR 2t 
i w m a n-M 
-
-
-
-
-
-
-
-
-
-
-
-
-
1M6 AR 2t KL.11 
-
-
-
-
-
-
-
-
-
-
-
-
-
1904 AR 29 
-
-
-
-
-
-
-
-
-
-
-
-
-
2 
7 
4 
20 
19 
• 
4 
-
30 
• 
7 
11 
4 
7 
33 
2 
1 
20 
10 
3 
3 
10 
-
-
7 
4 
2 
-
11 
3 
3 
1« 
10 
4 
3 
10 
-
13 
14 
9 
3 
4 
20 
4.19 
5S.0C 
59.00 
•2.00 
»7.00 
35.00 
•70.00 
47.00 
224.00 
24.00 
44.70 
•9.00 
•3.00 
03.00 
44.00 
117.M 
190.00 
39.00 
77.00 
39.90 
•40.00 
71.00 
113.00 
10.20 
21.90 
12S.00 
124.00 
114.00 
93.00 
42.40 
43.40 
33.40 
35.30 
42.40 
419.00 
33.M 
34.10 
7.70 
10.W 
43.40 
49.00 
43.40 
39.70 
- 258 -
fc-95 
• M 8 
fe-99a 
•a-MO 
Z-Ul 
» - 1 3 2 
I-13S 
c ^ u t 
Ck-137 
•»-MO 
U-I40 
C»-l«l 
Cfr-144 
Xr-95 
•k-05 
M»-99 
* - 9 9 a 
•»-MS 
1-131 
» - 1 3 2 
1-133 
C*-13% 
&-137 
OB-140 
U-MO 
Cb-141 
Cb-I4* 
Zr-*S 
» 4 9 
»•-103 
1-131 
Tb-132 
1-133 
C»-137 
•»-140 
U-140 
(k-141 
Cb-144 
fc-90 
2*-9S 
0V03 
t»-103 
1-131 
fe-13* 
&-137 
»»-140 
U-140 
Cb-l*l 
U-91 
•b-95 
ta-103 
X-131 
fr-132 
m « 3 ) 
-
-
-
• 
-
-
-
-
-
-
-
-
I W W « 
-
-
-
-
-
-
-
-
-
-
-
-
-
1 9 K H f f 0 2 
-
-
-
-
-
-
-
-
-
-
l M t w r w 
-
-
-
-
-
-
-
-
-
U N HU 03 
-
-
-
-
4 
-
13 
0 
12 
29 
-
32 
-
13 
4 
3 
11 
3 
3 
27 
« 
2 
S 
M 
15 
1* 
13 
11 
« 
• 
21 
• 
« 
é 
2 
2* 
33 
30 
13 
5 
0 
39 
3 
10 
7 
9 
1 
17 
19 
19 
7 
12 
10 
9 
12 
1 
19 
300.00 
IOS.00 
23.90 
4 0 4 0 
3 * 1 . « 
20.00 
2740 
7.43 
1040 
1U.4C 
14440 
190.00 
233.00 
59.40 
5740 
32.00 
25.70 
102.00 
532.00 
50.00 
20.00 
7.90 
12.(0 
05.00 
•3.50 
49.00 
C7.00 
117.00 
117.00 
•0.00 
474.00 
40.00 
23.00 
11.00 
114.00 
110.00 
101.00 
72.00 
1.59 
42.00 
4T.0O 
27.00 
020.00 
9.50 
15.00 
50.00 
40.00 
40.J0 
59.00 
34.00 
29.00 
910.00 
20.00 
- 259 -
1-133 
Ct-134 
Ct-137 
Ba-140 
U-140 
Ct-141 
Zr-95 
Nb-95 
Rn-103 
1-131 
Ct-137 
U-140 
Zr-95 
Nb-95 
Ru-103 
1-131 
Ct-134 
Ct-137 
Ba-140 
U-140 
Ca-141 
Zr-95 
Rb-95 
Ru-103 
1-131 
Ct-134 
Ct-137 
Ba 140 
U-140 
Ct-141 
Zr-95 
Rb-95 
Ru-!03 
1-131 
Ci-134 
Ct-137 
Ba-140 
U-140 
Zr-95 
Rb-95 
Ru-103 
1-131 
Ct-134 
Ci-137 
Ba-140 
U-140 
Ct-141 
Zr-95 
Nb-95 
Ru-103 
1-131 
Ci-134 
Ct-137 
Ba-140 
U-140 
Ca-141 
Ct-144 
1986 MAY 05 
-
-
-
-
-
1986 MAY 06 
-
-
-
-
-
1986 MAY 07 
-
-
-
-
-
-
-
-
1986 MAY 08 
-
-
-
-
-
-
-
-
1986 MAY 09 
-
-
-
-
-
-
-
1986 MAT 10 
-
-
-
-
-
-
-
-
1986 MAY 11 
-
-
-
-
-
-
-
-
-
35 
33 
24 
10 
5 
7 
14 
11 
9 
1 
14 
-
18 
9 
10 
2 
19 
18 
40 
14 
19 
25 
14 
1 
-
3 
2 
8 
3 
23 
17 
9 
2 
1 
2 
-
8 
3 
25 
13 
3 
-
6 
5 
21 
6 
22 
13 
9 
2 
3 
5 
4 
16 
5 
14 
26 
11.00 
9.40 
13.30 
121.00 
119.00 
90.00 
35.00 
29.00 
45.00 
900.00 
21.90 
27.00 
25.00 
35.00 
32.00 
467.00 
9.50 
14.40 
27.00 
31.00 
28.00 
24.00 
23.LO 
532.00 
814.00 
143.00 
258.00 
196.00 
167.00 
27.00 
20.80 
24.50 
342.00 
403.00 
118.00 
198.00 
159.00 
154.00 
26.40 
27.80 
282.00 
245.00 
61.00 
108.00 
74.00 
117.00 
28.00 
37.00 
31.00 
286.00 
219.00 
60.00 
106.00 
83.00 
107.00 
34.00 
85.00 
- 260 -
Zr-95 
Mb-95 
tu-103 
1-131 
Ct-134 
Ct-137 
B»-140 
U-140 
Ct-141 
Zr-95 
Hb-95 
Ru-103 
1-131 
Ct-134 
Ct-137 
B»-140 
U-140 
Ct-141 
Ct-144 
Zr-95 
Mb-95 
Bu-103 
1-131 
Ct-134 
C«-137 
Bm-140 
U-140 
Ct-141 
Zr-95 
Hb-95 
Ru-103 
1-131 
Ct-134 
Ct-137 
B»-140 
U-140 
Ct-141 
Ct-144 
Zr-95 
»b-95 
Hu-103 
1-131 
Ct-134 
Ct-137 
Ba-140 
U-140 
Zr-95 
Mb-95 
lu-103 
1-131 
Ct-134 
Ct-137 
Bft-140 
U-140 
Ct-141 
19S6 MAT 12 
-
-
-
-
-
-
-
-
1 9 « MAT 13 
-
-
-
-
-
-
-
-
-
19M MAT 14 
-
-
-
-
-
-
-
-
1986 MAY 15 
-
-
-
-
-
-
-
-
-
1986 HAT 16 
-
-
-
-
-
-
-
1986 HAT 17 
-
-
-
-
-
-
-
-
37 
17 
2 
-
4 
-
11 
4 
40 
15 
10 
3 
2 
3 
2 
15 
8 
10 
25 
37 
13 
2 
2 
2 
2 
9 
3 
21 
10 
6 
2 
2 
3 
3 
10 
4 
9 
32 
17 
8 
2 
3 
5 
4 
15 
6 
37 
27 
3 
S 
5 
5 
17 
8 
26 
8.30 
10.80 
219.00 
148.00 
54.00 
90.00 
74.00 
89.00 
7.00 
26.40 
32.90 
276.00 
209.81 
86.17 
154.20 
103.70 
107.10 
32.00 
42.00 
6.60 
10.40 
192.00 
160.77 
75.12 
128.10 
71.00 
81.00 
11.70 
24.80 
28.80 
155.00 
107.24 
49.72 
87.02 
67.00 
62.00 
26.00 
34.00 
25.00 
34.00 
285.00 
172.09 
63.08 
135.30 
78.00 
78.00 
8.00 
6.30 
149.00 
88.91 
50.36 
83.45 
52.00 
51.00 
12.00 
- 261 -
Zr-95 
Hb-95 
Ru-103 
1-131 
Ca-134 
Ca-137 
U-140 
Ca-141 
Hb-95 
Ru-103 
1-131 
Ca-134 
Ca-137 
Ba-140 
U-140 
Zr-95 
Hb-95 
Rn-103 
1-131 
Ca-134 
Ca-137 
Ba-140 
U-140 
Ca-141 
Ru-103 
1-131 
Ca-134 
Ca-137 
U-140 
Zr-95 
Hb-95 
Ru-103 
1-131 
Ca-134 
Ca-137 
Ba-140 
U-140 
Ce-141 
Ca-144 
Hb-95 
Ru-103 
1-131 
Ca-134 
Ca-137 
U-140 
Zr-95 
Hb-95 
Ru-103 
1-131 
Ca-134 
Ca-137 
Ba-140 
U-140 
Ca-141 
1986 MM 1« 
-
-
-
-
-
-
-
1986 MUT 19 
-
-
-
-
-
-
1986 MAX 20 
-
-
-
-
-
-
-
-
1986 tttT 21 
-
-
-
-
1986 MAT 22 
-
-
-
-
-
-
-
-
-
1986 MAT 23 
-
-
-
-
-
1986 MAT 26 
-
-
-
-
-
-
-
-
27 
12 
4 
6 
7 
7 
11 
36 
23 
3 
3 
6 
5 
24 
11 
29 
14 
3 
5 
6 
5 
28 
7 
18 
5 
7 
9 
8 
13 
5 
4 
5 
8 
10 
7 
23 
8 
5 
15 
28 
4 
8 
8 
7 
15 
3C 
1/ 
3 
7 
6 
5 
33 
10 
34 
15.60 
21.00 
125.00 
68.57 
32.92 
56.14 
35.90 
10.30 
6.10 
112.00 
61.72 
29.75 
60.27 
30.00 
23.00 
7.70 
10.40 
87.00 
42.99 
24.43 
42.17 
19.80 
32.00 
11.40 
58.00 
34.77 
18.92 
34.87 
16.70 
93.01 
97.60 
90.13 
38.94 
26.70 
51.02 
47.36 
45.25 
94.53 
122.79 
3.50 
51.00 
23.07 
17.64 
30.77 
11.10 
5.00 
8.10 
64.00 
22.46 
20.32 
39.97 
13. IC 
14.40 
5.00 
- 262 -
Hb-95 
Stt-103 
1-131 
Ct-13* 
C«-137 
B»-1*0 
U-140 
C»-141 
ln-103 
1-131 
Ca-134 
C-137 
Hb-95 
tn-103 
U-140 
Zx-95 
lb-95 
ta-103 
1-131 
Cs-IM 
C-137 
Ba-140 
U-140 
C»-141 
198« HIT 27 
-
-
-
-
-
-
-
1986 MM 2« 
-
-
-
1986 HM 29 
-
-
1986 HIT 30 
-
-
-
-
-
-
-
_ 
23 
2« 
13 
22 
- 263 -
SPECIES i GXASS 
LOCATION s USOE 
urrr : BQ/IC 
ISOTOP DATE so x n s o u s 
Zr-95 
•b-95 
Mo-99 
Tc-99> 
Rn-103 
1-131 
Ta-132 
1-133 
Ca-1M 
Ca-137 
Ba-140 
La-140 
Ca-141 
Ca-144 
Zr-95 
Bb-95 
Mo-99 
Tc-99« 
Rn-103 
1-131 
Ta-132 
1-133 
Ca-134 
Ca-137 
Ba-140 
La-140 
Ca-141 
Ca-144 
Zr-95 
»b-95 
Mo-99 
TC-99B 
fc»-103 
1-131 
Ta-132 
1-133 
Ca-134 
Ca-137 
Ba-140 
La-140 
Ca-141 
Ca-144 
1906 APR 28 KL.08 
-
-
-
-
-
-
-
-
-
-
-
-
-
19S6 APR 28 KL.U 
-
-
-
-
-
-
-
-
-
-
-
-
-
1986 APR 29 
-
-
-
-
-
-
-
-
-
-
-
-
-
7 
4 
20 
10 
8 
4 
-
30 
S 
7 
11 
4 
7 
35 
2 
1 
20 
10 
3 
5 
10 
-
-
7 
6 
2 
-
11 
5 
3 
16 
10 
4 
S 
10 
-
13 
14 
9 
3 
4 
20 
12.10 
12.20 
17.00 
13.10 
7.30 
180.00 
14.00 
47.00 
5.30 
9.26 
18.60 
17.10 
13.10 
13.60 
20.73 
33.40 
10.40 
13.50 
10.60 
152.00 
12.40 
20.30 
1.80 
3.85 
22.40 
22.00 
20.10 
16.70 
42.50 
44.70 
37.70 
24.20 
29.00 
285.00 
23.10 
38.20 
5.20 
7.40 
44.60 
46.30 
43.20 
40.60 
- 264 -
Zr-95 
Hb-93 
Te-9ta 
tn-103 
1-131 
Tt-132 
1-133 
Ca-134 
Ca-137 
k-140 
U-140 
Ca-141 
Cfc-144 
Zr-95 
•b-93 
Ms-99 
Tc-99a 
fe-103 
1-131 
Ta-132 
1-133 
Ca-134 
Ca-137 
BW40 
U-140 
Ca-141 
Ca-144 
Zr-95 
Bb-95 
tn-103 
1-131 
Ta-132 
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50 100 
PREDICTED VALUES 
150 
Pig. E.6. Comparison between model predictions and observations 
for Bq 137Cs m~2 graes at Risø in May 1986-
The model assumes an initial uptake in grass of 28% of the deposition. 
Furthermore, it is assumed that the field loss during rain corresponds 
to a field half-life of 2 days. During dry weather the half-life is 
14 days. 
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